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NOISE-PROOF FEATURE 


OF TELEGRAPH COMMUNICATION 
ALONG THE TELEPHONE CHANNEL 


OF A TROPOSPHERIC LINK 


Ye. L. Gerenrot 


The probability is established of beat being present when a telephone 
channel of a tropospheric radio relay link (with frequency division multi- 
plexing and frequency modulation using single and separated reception with 
automatic selection) is loaded with a telegraph frequency. 


INTRODUCTION 


Tropospheric radio relay links are usually chosen so as to secure the 
necessary parameters for telephone channels. In practice, a number of 
telephone channels might be used for telegraph communication. It is inter- 
esting to determine the noise-proof feature of telegraph communication for 
such a secondary multiplexing of the telephone channel. 

We will make the following assumption in determining the noise-proof 
feature. 

1. The signal amplitude, Vin, at the input of the receiver, is distri- 
buted according to the law of Raleigh 


oy, ee ie 
Vv) = ai exp ( a (1) 


Hee 
mean 


“in 
where W(Vj,) is the amplitude distribution density of the signal voltage, 


Ojn is the RMS value of the input signal voltage. 
2. The noise voltage levels of the receiver at the output of the chan- 


nel are normally distributed. The noise voltage envelope, Vp, will also be 
distributed according to the law of Raleigh. 


V Ns 
WiV,,) = — exp ( . i (2) 
“n Tae 


3. The limiter is considered to be ideal, and the detector to be linear. 
The signal amplitude, Vin, at the output of the receiver, stays constant. 


Vout = constant 


4. The signal does not fall below the limiting and improvement 
thresholds. 

5. We will assume, in the investigation of double reception, that the 
signals in the antennas of both receivers are the same. 

6. The telegraphy is accomplished on a level which is equal to the 
level of one of the telephone channels; the bandwidth necessary for the tele- 
graphy is equal to the bandwidth of the telephone channel. 


NOISE-PROOF FEATURES FOR SINGLE RECEPTION 


The signal amplitude at the output of the telephone channel stays con- 
stant, and the noise voltages are normally distributed. Consequently, the 
resultant voltage envelope at the output, V;, will be distributed according 
to the generalized law of Raleigh 


Ve hme veer Te Vey 
W (V,)=— exp er eee \ see (3) 
7 oy Pe oH 
Vz Vout, . ay : 
where Ip er Ber, is the modified Bessel function of zero-th order. 


n : 
The probability of the beat of a telegraph message at the telegraphic 
frequency may be determined [2] from the following expression: 


Pi = i W(V,) j W(V,)aV_ dV. (4) 
0 Vy 
Substituting (2) and (3) into (4) we obtain 
a Laat cart del dehe aes 5 
Pi=-> exp errr: exp 8 ScaNomke (5) 


where Ny = 202. 

The expression in (5) represents the probability of beat due to the 
influence of noise in the receiver. 

Now, let us assume a rapidly fading signal. During the fading, the 
amplitude of the output signal will remain constant because of the limiter 
action, but the noise power at the output of the telephone channel will in- 
crease. 

Since the frequency of the rapid fading is comparatively low, several 
cycles per second, the influence of the fading on the noiseproof feature can 
be accounted for, assuming that in our expression (5) the noise power at the 
output of the channel is inversely proportional to the input signal power Bn 

N,=—. 
5 Tore (6) 

In equation (6), \A/is the proportionality constant, which depends on 
the parameters of the equipment [4 | 


A= 10 *nkTAF (revi 
Cc 


where n is the noise factor of the receiver; k is Boltzmann's constant; T is 
the absolute temperature; AF is the bandwidth of the telephone channel; 


F, is the group frequency of the telephone channel, Af; is the effective 
deviation on the channel. 


Expression (6) can be rewritten in the form 


ens 
Nfeersly (7) 


where 
B z= 4 AR in Rout 


In the latter expression, Rijn and Royt are the input and output resist- 
ances of the receiver. 
Taking into account (1) and (7), we obtain the following expression 
for the noise density distribution at the output 
Ss ie 
a, Ay 
A ae a (8) 


2 yy2 
222 N2 


o. 
m 


We obtain the following expression for the average probability of beat 
P;, for the time of rapid fading, by averaging out (5) for all values of No 


(Des \ W (No) P, AN. (() 
0 
Substituting (5) and (8) into (9) we obtain 
1 l 
fovte aD De ye 
4 Sin * out 
| 
B 
Since the beat probability is small, 
1< in Vie : 
so that 
B 
Py — 9 =) : (10) 
235, Vout 


The probability of beat will be m times greater for a link consisting 
of m sections; hence, 
Prt ne ees (11) 


Ig, \- 
“Sin \ out 


The last equation is the final expression for the average beat prob- 
ability during the time of rapid fading in single reception. 


NOISE-PROOF FEATURE FOR DOUBLE RECEPTION 


The signal power in the case of double reception with automatic selec- 
tion is distributed density-wise 
in in 
W's (P,)=—e in ( cc naneg ). (12) 
m 
We obtain the following expression for the noise power distribution 
density at the output, in case of rapid fading, from (6) and (12) 


BR R 
f 9 


as Ny pide oie ; 
1 (0) ee a) 1 el ie (13) 
vin Ni 


ili ion is obtained by 
The average beat probability for double reception is 0 
methods similar to the ones above except for the substitution of W2(No) for 
W(N,) in expression (9) 


P, = [Wz (No) P, do (14) 
: 


Integrating, we obtain 
1 


2, = eee 
2 1 Vig Q0%n (2 A132 Via | 
Ay ae wily B 
v2 202: ‘ 
Noting that 2 « = out™ in we obtain 
P,=4 —e i (15) 
205 V out 


Comparing (15) with the similar expression (10) for the single re- 


ception, we observe that 
P, = 4P?. 


It follows, that the noise-proof feature at double reception is as 
much higher as the beat probability is smaller, for single reception. 

Since the beat probability on each single section of a link is indepen- 
dent of other sections, we obtain for a link of m sections 


2 
Psat — y; 
205 Vout 


or 
PS tt 4mP?. 


Substituting the equivalent expression for B, we obtain 
F, \2 2 
2nkT ar) Rin out 
a, ee : 
The last expression is in the final form for the beat probability of 
the telegraph frequency along the telephone channel of a tropospheric link 
with frequency modulation and frequency division multiplexing in the case 


of double reception with automatic selection; it also holds when there is 
no correlation between the signals in the antennas of the two receivers. 


Py =4-107°m | (16) 


NOISE-PROOF FEATURE FOR SEPARATED MULTIPLE RECEPTION 


Sometimes tripled or quadrupled reception is used to increase the 
noise-proof feature. In connection with this, we will investigate the beat 
probability in the case of multiple-separated reception. 

The distribution density of signal power for v-multiple reception with 
automatic selection [3] is equal to: 


2 ak 
V, (Pig) = Gr (17) 


The distribution density of noise power during fading can be obtained 


from (17) if we take into account (7): 
B B 


B 22 N, 7 Saha 
VW (N= aE: rt e ig (, —e We ) (18) 
m 


The beat probability for the case of automatic selection at v-multiple 
reception can be obtained from (9) if W,(No) is substituted for W(N)). 
Then for a link of m sections 


a eal) 
° 2 
vB 1 A a essa re ok 


Vo (19) 


c : ; Lo 
We introduce a new variable of integration x = Free order to evaluate 
the above integral. Now, we can rewrite (19) in the following form: 


ob 2( y2 + B ) 3 Re Ae y—1 
e 2 out 2 2 
vB Ceey/ 20% 
a seein la mn Sue \ teen # Yar dx. (20) 
in 


Expression (20) will be solved for simple functions for separated 
reception of any multiplication; expression (20) makes it also possible to 
determine the beat probability for any multiple reception. 


Article submitted to Editor on July 22, 1960 
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INCIDENCE OF A PLANE WAVE 
ON A SELECTIVE REFLECTING SURFACE 


N.V. Talyzin 


The normal incidence of a plane wave on a selective reflecting sur- 
face which is represented by a system of separate elements, or dipoles, is 
investigated. The secondary field of the selective surface is determined. 
The current induced in the dipoles by the incident field and the coefficients 
of transmission and reflection are also determined. Charts are included 
which may be used in the calculation of coefficients of reflection and trans- 
mission for the selective reflecting surface for a wide range of wave fre- 
quencies. Experimental data of the coefficient of transmission are in- 
cluded. 


GENERAL RELATIONS 


We will investigate the reflection of a plane electromagnetic wave Eo 
from a selective surface, and from a solid metallic surface. The dimen- 
sions of the surfaces in both cases are considered infinite. 

To determine the reflection 
coefficient for the selective surface, 
we will divide the selective reflect- 


42 
ing surface and the solid metallic 
: é ; F surface into differential surfaces, 
as shown on Figure 1. 
All the elements of the selec- 


tive reflecting surface and the ele- 
ments of the metallic surface are 
identical. Hence, instead of using 
the sum of Eyef] ; and Eye] 2 we 
can compare the fields created by 
currents flowing on the differential 
surfaces E; and E>. 

Consequently, the following 
relation holds for the reflection co- 
efficient p 


Ey 
- (1) 


where E; is the field strength of the 
wave created by the currents flow- 

ing on one element of the selective 

reflecting surface; E,is, in an 


p= 


analogous manner, the value for one element of the solid metallic surface. 
Now we will find E; and Ey. 

a. Reflection from a solid metallic surface. The field E» is deter- 
mined by the current density on the solid metallic surface within the limits 
of one differential surface. 

The general expression for E, is in the form 
d? a 
et eles Prachi (2) 


where kj, is the coefficient which is independent of the value of the current 
and which is also independent of the dimensions of the differential surface, 
I(z) is the current density on the reflecting surface. 

The current density, created on the surface by the incident plane 
wave is equal to 


where w= 120 =, 
therefore ; 
pe Fux da 
A 302mm 


b. Reflection from a selective surface. Repeating the preceding 
considerations, one can immediately write expressions for the field E, 
created by the current in one of the elements of the selective reflecting 


surface, 


1 


HEY 
E\=2 i} J Kili.) dzdy= 2K, i) Ian dé, (3) 


= 0 1) 


k, is the same coefficient as in equation (2). 
Let us assume sinusoidal distribution of current along the dipole 


Lael sin [a (l = z)| on the upper half of the dipole for z of (4) 
I) = 1y sin[a(/ -;z)] on the lower half of the dipole for z< 0 
I) is the value of the current at the current antinodes of the dipole, 
a == 2! is the length of the dipole, i is the wavelength. 
Substituting into (3) the expression from (4) we have 
1 
E, = 2k, \ Ig sin [2(/—z)]} dz = 
0 


Substituting (2) and (5) into equation (1) we have the following ex- 
pression for p: 


2k, (1 = cos 2 l) is (5) 


—« 30/) (1 —cosal) } (6) 
Eyad - 


We find a relationship between the current I) at the antinode of the 
passive dipole and the incident field of the plane wave Ep. 

The plane wave can be regarded as a result of radiation from asource 
far removed from the reflecting surface. Therefore the current in each of 
the dipoles of the selective surface can be found as a current in the passive 
dipole due to excitation by the active dipole which is set up at a far enough 
distance and represents the source of the plane wave. 

From the theory of coupled dipoles [2] we have the well known 


expression for the current at the antinode of the passive dipole: 
h=—-h—, (7) 

here I; is the current at the antinode of the remote active dipole, Zoo is the 
radiation impedance of the passive dipole, (including the mutual impedances 
due to the other dipoles of the selective surface). Z,) is the mutual radia- 
tion impedance of the active and passive dipoles. 

The following relation holds between the field strength of the wave Eo 
and the current of the active electrical dipole which creates this wave and 
is being placed normal to the direction of wave propagation: 


Ey = Kol, (8) 


where k, is the coefficient which is a function of the parameters of the 
active dipole and of its distance from the selective surface. 
Substituting expression (8) into (7), we obtain 


ba ook Tar at 9 
I, = Sweet (9) 


From (8) the equation of the reflection coefficient will have the form 


30(l1—cosaDr Zy 


Koad Zn a 


| ae 
To calculate the reflection coefficient, it is necessary to determine 
the mutual radiation impedance Zj;, and the radiation impedance Zo» of the 
passive dipole of the selective surface including all the coupled impedances 
from the other dipoles. 


DETERMINATION OF THE MUTUAL IMPEDANCE 


According to the method of induced electro-motive forces (emf), the 
radiated power of the dipole of the selective surface under the influence of 
the field E,; of the active dipole, will be equal to 


+1 
1 
Py=— > i rE, dz, (11) 
-—l 


where E, is the field created by the current of the active dipole at the loca- 
tion of the dipole of the selective surface, for the same value of currents 
in both dipoles (Ip). 


The relation between the current Ip and the field E, is determined 
from equation (8) 


Eicrele (12) 
The mutual impedance Z,2 is determined from equation 
4 Jee 1 
Zy = ae Sar penne (13) 
9 ol L 


Substituting into (13) expressions from (4) and (12) we obtain 


2k 
[fo|? 


i 


§ Bsin[x@—2) dz=— 2 (1 —cosa). (14) 


Substituting expression from (14) into equation (10) we find 


p= 30K? (1 — cos a 1 (15) 


rad Zn 


In expression (15) only the radiation impedance of the passive dipole 
including the coupled impedances from the other dipoles of the selective 
surface has not been determined. 

To find the impedance Zp». it is necessary to know the secondary field 
Ez determined by the currents in all dipoles of the selective surface. 

After we have found the secondary field E, it is easy to determine 
the impedance Zo» of the dipole of the selective surface by the method of 
induced emf. 


DETERMINATION OF THE SECONDARY FIELD 


a. Determination of a secondary field created by one row of dipoles. 


The current distribution in the dipole is determined by relations (4). 

From Figure 2 one can see that the dipoles in one row of the selective 
surface form an infinite line of current, resembling a periodic even func- 
tion z, with period 2a. Consequently the current can be represented by a 


Fourier series of form 
Ty 
Ly) = ») A, cos (= 2). (16) 


The component of the electric field strength which is parallel to the 
z-axis is determined by the following relation [3] 
5) 4, 8 : 
ee > = 608 (K, 2) [My FIN ab (17) 


where ? 
St red Nd rd 


r is the distance from the z-axis to 
the point where the magnitude of Ez 
is being determined. a 

If By is a real quantity (a = =} 
then 


Mey + iN se = = Vos, »— 1 Nas, nb (19) 


where Iy, pis the Bessel function of 
zero-th order, No, nis the Neumann 
function of zero-th order. 

If By is the imaginary magnitude 


(2 < <4) then 
My + iN Gry =iKy' ry , (20) | 


where ko(8’ r)is the McDonald function 
of zero-th order 


p= V na? . (21) Figure 2 


Figure 3 


The field E, created by the n-th row of dipoles (Figure 3) is deter- 
mined by the following equation 


1 Ae 
£,=— ion > ace (x, 2)[M, v,) iN, (r_) 1 (22) 


y=0 


where ry, is the distance from the n-th row of dipoles to the origin of the 
coordinate system. 

b. Determination of the secondary field Ez created by all rows of 
dipoles. Le us investigate the problem from a general standpoint of view. 

Let us assume that in case of our 

selective surface (Figure 4) the 

Z rows of dipoles which are placed at 

a distance y = (2n+ 1)d from the 
origin 0 of the coordinate system 
are vertically displaced at an arbi- 
trary distance b with respect to the 
rows which are placed at a distance 
of y = 2nd from the origin. 

The field created by any arbi- 
trary even row of dipoles yan can be 
expressed by equation (22) where 
instead of r, we substitute the magni- 
tude r= 2ndforn> 0 and rh=Yy for 
n= 0 (rpis the radius of the dipole). 

To determine the field created 
by each odd row of dipoles y(2p +1) 
itis necessary to express the current 
inthis row, considering the displace- 

d ment of the dipole row on adistance b 
with respect to the coordinate system. 


if =A cos Fe (—6)]. (23) 
v=0 


10 


then 


2 
(224-1) el A, BY Ty _ * A * 
ae pe Dee |e OM tN (24) 
where 
r= (2n +4 1)d. 


The total secondary field Ez due to the total surface is described by 
the following equation 


ALB ; 
a ee Do 608 (k,2) Da ae; AN Go]. 


y=0 n~—© 


ew 
v=0 n=—@ 


1 A, 6, : 
ares AD cos [K, (z — b)] os [M, ee iS C5 ]. (25) 


IMPEDANCE OF THE ELECTRIC DIPOLE 


The radiation resistance of the dipole of the selective surface will 
be calculated by the method of induced emf's 


fessor eee dz, (26) 
1 
where I# is the complex conjugate of the current in the dipole of the selec- 


tive surface, Ez is the total field at the dipole surface. 
Substituting into (26) relations from (4) and (25) we obtain 


120 — = . i 
y= PD YY A, (008 2H Scone) SMe + 1M, 
=) 


mr 


4 2 yy {2cos Z b (cos * [—cosal) + 
v=0 


a 


: TY ny ba) Te oe ~~! . = ayrk 
ms b ( sin —— /— —~sin xl) ») [M, ) +5 lag oe) }. (27) 


Let us investigate two cases: a) b = 0 and b) b =a; 
a) b= 0; in this case equation (27) will be in the form 


20 WC 
Loo = —— A (cos 
> 


= cos a!) S Mei | (28) 


] a 


where rp = nd for n> 0 and rp = rp for n = 0 (ro is the radius of the dipole); 
b) b=a 


Lag = — > A, (cos x = COs i) Sm, . tin, wylt 
: ee! “n= & At 
ay a >> A, (=1): (cos ot ae cosa!) >» [M, ) +i N, uy ] (20) 
: v=0 neee 


Nal 


where r'y = 2nd for n > 0 and ry = ry for n = Orn = (2n-1)a-; 
After some algebraic manipulations, we find 


” : OP sh < zl (24+ 1) 
Liv Lig a2 A Nee i 
22 2 lo yy 41 [ cos = COs 2 |x 


x >» [Miasiyr) +i Nien l. Sa 


nu=— = 


In expressions (28) to (30) we are left with the unknown coefficients 
Ao: Ap which are the coefficients of a Fourier series and are determined 
by the following equations: 


1 
1 > 
Ae J fosin [z¢—2)] dz=—* (1 —cosai), (31) 
0 
1 1 
— 2h my Qox xl 
A= \ sini Dice (= 2)az= > (cos = — cos). (32) 


0 


Substituting into equations (28) to (30) expressions from (31) and 
(32) and the values of M, and N,, we obtain 


v] 2 

m cos —cosal 
' 2402 . a ( ) rt ; 
pi pas FE (oc = 10 0,00) + 


nvl 3 
oe 2402 Sad (cos . — cos!) 
7% ra [ace ney! Nos, nayl | + iat jalan aaa ee x 


n=—o vm 


x {i Ky (8. re) +— y 1K, (nd) \. (33) 


u=—o 


The symbol  ' stands for the sum which does not include the zero- 
th member (n = 0); m is the integer to be determined by conditions 
aa aa 
lel << ——, 
Tv 


If the distance between the dipoles is 2a < ), which is usually the case, 
then m = 0. In this case equation (33) will be considerably simplified. 


Zn= Rn +i Xn, (34) 
where 
Rig= (1 —cosaly { Iyer pi Ioana) (35) 
bee = (1 — cos al) { No (ery + 2h No (nd) 13 
ay a »2 sodas | Ko Gr) +> Ky (3) nd) |. (36) 
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Let us simplify equation (35). The sum 


Ce 2 
»¥ I, (and) 2 >> J, (and) * 


n=—o n=1 


- 1 1 
elena == ad = @: (37) 


. n=1 
This formula holds for the case 0 < ad < 27, which is also possible. Taking 
into account that ar) «< 1 we can make I) (ary) © 1: 


oo 6 : 
Do) boas = 1+ —1 ==. (38) 


Equation (35) will have a final form 


The sum 


boa poe (1 — cos 2/)?. (39) 


tad 


As can be seen from equation (39), the displacement of dipole rows 
on a distance b along the vertical has no effect on the real part of the radia- 
tion impedance of the dipole. The displacement of rows has its effect only 
on the reactive part of the radiation impedance, X. The reactive part of 
equation (30) can be rewritten in the following way: 


Xm =Xn — Xn. (40) 
To determine X"}, we have to find a final expression for X"}}. Sub- 
stituting for A (9,+1) the above found value, we have the final expression 
for X'3}, similar to expression (36) 


eo 


cs) >) 


a 


2 
—cosal ~ 


> Ko [8 (2941) (2n+1) d). (41) 


2 
B(2v-41) IRS 


[cos x (2 + 1) 


yv=1 
Equation (36) which represents the reactive component of the radia- 


tion impedance of the dipole can be broken up into two parts for convenience 
' in calculations: 


Xn =X,+X, (42) 
where 
ee es No cary + 
na 2 
At P (cos _ — cosa!) (43) 
PURE Ante Oca hee Herts, 
ar a >a a? 0 (8, 7) 
30A (1 — cos = 
ype) ida cose 2 » Nee 
wf © (cos = _ cosa) © (44) 
: Eee le PS Roar ae 
oie a > 6? >> 0 (8, nd) 


yv=1 


X, is equal to the radiation self impedance of the dipole, including the 
coupled radiation impedance due to the other dipoles placed along the 
vertical row. X, is equal to the coupled radiation impedance due to all 


13 


other dipoles in the parallel row. 
It is necessary to sum up the fol- 
lowing series to calculate X; and X2 


Dak (3" r)? pips 16 (i nay B » No (end) # 
v-1 % v=1 n=1 : n=1 


The calculation of series ) Kj ,;' 
«< ao v=1 
and SLX K, G3’, nd) may be performed 
v=ln=1 F 
directly [4], if they converge rapidly. 
As far as the series )) No (ana) iS con- 
cerned, its direct summation is difficult, 
since it converges very slowly. To 
calculate this sum, one can make use of 


another series [5] which converges much 
faster 


RESULT OF CALCULATIONS 


In Figures 5-7 the charts of real and reactive parts of the radiation 


impedance for the dipole of the selective surface are given for the case 


2@ 
a ees 


Examination of the radiation impedance charts of the dipole shows, 
that conditions for the total reflection of energy from the selective surface 
can be accomplished for different relations between the length of dipoles 
(2), the distances between them (2a and d) and the wave length (\). 

Charts are given on Figure 8 which may be used in determining the 
conditions of total energy reflection. Each point on the chart gives the 
value of the magnitudes 2S and for which the total energy reflection 
occurs from the selective surface. The charts make it possible to deter- 
mine the least number of dipoles on the selective reflecting surface, which 
at the same time gives total energy reflection. 


Charts are given on Figures 9 and 10 to show the relation between 


the reflection coefficient of the selective reflecting surface and 34 - 


A CHECK OF EXPERIMENTAL AND CALCULATED DATA 


On Figures 9 and 10 the points represent the measured values of the 
reflection coefficient of the reflective selective surfaces. Comparing the 


results of Figures 9 and 10, one can see a close correlation between the 
experimental and calculated data. 
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The author wishes to express his deep gratitude to A.M. Model for 
the help given to him in the execution of the above work. 


Article submitted to Editor on July 27, 1960 
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EXPERIMENTAL INVESTIGATION 
OF A SEMICONDUCTOR TRIODE 


FOR DC SWITCHING 


E.K. Vasilyev 


The static characteristics of an actual semiconductor triode (SCT) in 
switching operation are obtained. A comparison withthe theory, concerning 
the "ideal" model of the SCT, is made and the parameters which must be taken 
into account in the analysis of an actual switching circuit are derived. 


A considerable amount of work is devoted to the switching opera- 
tion of a semiconductor triode. Despite this, the static properties of 
switching circuits are obtained essentially by a graphic method, i.e., from 
the obtained static characteristics of the sample triode. Apparently, it is 
this very factor which leads to the creation of constantly new graphical 
characteristics, competing among each other for complexity and cumber- 
someness. 

The analytical method, proposed by Ebers and Moll [1], is fairly 
helpful; however, its direct use leads to a great divergence with experi- 
mental results. This is not surprising, since the proposed analysis con- 
cerned itself with the 'ideal'' model of the junction type semiconductor 
triode. 

The object of this investigation is the analysis of the obtained point 
by point volt ampere characteristics at the input and output of an actual 
semiconductor switch, their comparison with calculations, made on the 
basis of the "idealized" theory, and the consequent synthetic representations 
of the input and output of the device under any kind of operation made on 
this basis. 

The so-called basic semiconductor triode switching circuit is the one 
to be chiefly examined. The circuit resembles the common circuit of an 
amplifier with common emitter, as shown on Figure 1, but operating inthe 
following specific mode. When no 
input signal is present, the triode 
is turned off and all of the supply 
voltage appears across it (the 
switch is turned off, the condition 
is "off''). When an input signal of 
a certain amplitude is present, the 
operating point on the output char- 
acteristics is shifted to the satura- 
tion region, characterized by a very 
small voltage drop between the emit- 
ter and collector (the switch is closed, 


the condition is "'on"). ; 
In the "'off"' condition both Figure 1 


at 


passages of the semiconductor triode are blocked, and a current, almost 
equal to the reverse current of the collector diode, Igo flows in the output 
circuit. 

For comparatively small voltages of the battery E,, when the ava- 
lanche increase of the current carriers in the collector is not yet apparent 
and the "closure" of the passages does not take place, the ''off'' mode can 
be analyzed trivially. The "on" condition is more difficult to handle. 

The output characteristic of the switch, which gives the relationship 
between the voltage U,, of the triode under saturation by the current at the 
input I, for fixed values of the current Ic, is presented in Figure 2. The 
characteristic is obtained for several samples of common low power 
fused alloy junction semiconductor triodes of type P6, P13, P14, P16, 
labelled for convenience on Figures 2 and 3 as Numbers 73, 64, 68 and 90. 


I, (ma) 
af 


Figure 2 


The output characteristic of 
the "ideal" triode, obtained from 
the formulas (1) and (2) of Ebers 
and Moll, are indicated by the 
dashed line on the drawing; the 
example is sample No. 68. 

The input characteristics of 
these same switches are shown in 
Figure 3, i.e., the dependences 
of the input voltage on the input 
current for a fixed collector cur- 
rent I,. The behavior of the 
"ideal" triode, obtained from the 
formulas of Ebers and Moll for 
sample No. 68, is indicated by 
the dashed line. 

; Noting that qualitatively the 
Figure 3 characteristic of various triodes 
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are very similar, one may choose one of the samples and conduct a more 
detailed investigation of the dependency of its properties on the output cir- 
cuit. 

On Figures 4 and 5 families 
of input and output characteristics 
of the switch with triode No. 68 
are shown, where the current of l, (ma) 
the output circuit I, is the param- Oe 0 £0.40. 60% . 80 120 
clea. 


The observed difference be- 
tween the calculated and experi- 
mental curves may be explained by 
the existence of distributed resist- 
ances of the contacts of the semi- 
conductor triode. Taking this 
factor into account, the equivalent 
circuit of the actual triode in the 
"on'' condition may be indicated as 
shown in Figure 6. The voltages 
Phe and Pop are calculated theoret- 
ically, from the ideal model of the 
triode from the following formulas 
(1): Figure 4 


Figure 5 
KT le+% Ic 
KT ae Ig +ayle 2 
Ppe= “In| -samoalt (2) 


ig) 


Here oe = 0.026 volt when T = 300°K. 


@y is the current amplification factor of the triode in the circuit with com- 
mon base with forward bias, ay is the current amplification factor of the 
triode in the circuit with common base with reverse bias; Igy is the reverse 
current in the emitter for a turned off collector; Igg is the reverse current 
in the collector for a turned off emitter. 

In Figure 6, Rp is the distributed resistance of the base, Re is the 
resistance of the emitter region of the triode and the resistance of the 
emitter contact; R, is the resistance of the collector region and the resist- 
ance of the collector terminal. 

From Figure 6 one may write for the input and output of the actual 
triode: 


= Use= — Re(lo + Ib) — Rylb — Pre (3) 
eS Come Re(Ic + h) — Role oe Doe (4) 
where Qe= Dep — Dye 


Figure 6 Figure 7 


From this it is seen, that if a comparison of the curves corresponding 
to the ideal and actual triode are made from Figures 4 and 5, the resist- 
ances Re, Re and Ry may be calculated. 

Thus, one may write the relation 


— (Uce — Poe) = — (Re + Ro) le — Rel, (5) 


from Figure 5; the relation is shown in Figure 7. It is seen from the rela- 
tion (5), that the tangent of the slope of the straight lines in Figure 7 is 
equal to the resistance Re, while the intersected portion on the axis is 
proportional to Re + Re. 

We find from Figure 7 that for the triode No, 68, the resistances 
Re ay = 0.36 ohms, Rg ay = 0.17 ohms are linear, and do not depend on 
the mode of operation, 

The indicated parasitic resistances may be measured in a simpler 
manner by the method of Miller [2] inthe circuit shown on Figure 8. 
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When a high resistance device (voltmeter) is utilized in this circuit 
for the measurement of voltages, the mode of operation approximating cut- 
off (Ic ~ 0) is automatically formed at the output of the triode. The output 
voltage may then be derived from the relations (1), (2), (4) in the following 
manner: 

U.= In a, RJ, (6) 


7 If the emitter and the collector of the triode are now interchanged, 
en 


U.,=Ina, + RJ, (7) 


: In this manner, the slopes of the volt ampere equations (6) and (7) 
immediately determine the value of the distributed resistances of the ter- 
minals R, and Re. 


I,-300 ma i 


Figure 8 Figure 9 


The investigations, made with a large number of the Soviet made 
semiconductor triodes of type P6, P13, P14, P16 have resulted in the 
following values of the resistances Re = 0.3-0.5 ohms, Rg = 0.13-0.17 
ohms. 

The resistance of the outside terminals, measured by the bridge 
method, has been found to be equal to ~ 0.12 ohms. 

A very important, and at the same time appreciably difficult task is 
the determination of the distributed resistance of the base in various switch- 
ing modes. It is apparent right from the beginning that this resistance is 
nonlinear, has a considerably difficult geometry, and depends to a great 
extent on the depth of penetration of the operating point into the saturation 
region. It is best to use the family of input characteristics of the switch, 
shown on Figure 4, in order to determine Rp. 

One may construct the relation Up, =1,R,=f(I,)|, from the already 

Cc 


known value of Re, Re and ®ce, or else immediately from the relation 


Rpst= ae = f(I,) +2 which is the one shown in Figure 9. Examination of 
Cc 
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the figure allows the following conclusions to be made: until the penetration 
into the saturation region, the resistance Rp decreases, being forced to the 
value in the order of 20-25 ohms, depending on the output current. Upon 
the arrival of the operating point in the saturation region the conductance of 
the base region sharply increases and Rp tends to the value ~ 2-3 ohms; at 
the same time, when the output currents of the switch are large, Rp falls 
off at a faster rate than the increase in the input current. As a result, a 
region with a negative differential resistance is clearly observed on the 
input characteristics. 

Among other things, a similar picture is seen apparently during the 
opening of the double base diode; the reason for the appearance of the 
region with negative differential resistance on its input characteristics is 
also the same 3] . The observed change in Rp caused by the current es- 
sentially coincides with the appearance of the base resistance in the form 
of three ring like-regions, as shown in the work of Early [4]. Modulation 
of the conductance of the base by the moving current carriers occurs, dur- 
ing the active operating region of the semiconductor triode, in the cylinder 
between the emitter and the collector. In the saturation region the modula- 
tion of the base occurs in a wider space (in a ring of width approximately 
equal to the diffusion length of the nonprimary carriers in the base), which 
leads to the consequent fall in Rp. 

The estimate according to Early's method gives for the geometry, 
corresponding to triodes of the type P6, the following value of the distri- 
buted resistance of the base region 

= Ayn Pb eb 
R= ot ois 0.076” (8) 


We have for the sample No. 68 with Pp = 1.9 ohms 
Ry = 19 ohms + 14.5 ohms + 25 ohms = 58.5 ohms 


When the triode is operated in the active region of modulation the 
specific resistance of the first two components decreases and Rp —25 ohms. 
The saturation of the collector voltage leads to modulation of the conductance 
and of the last component, as a result of which Rj, —2-3 ohms. 

A strict quantitative analysis of the change in the resistance is a 
quite difficult task because of the diversity of the problem [5]. 


The empirical equation for Rp of triodes of the type P6 is of the 
form 


___Rbo 9 
R, sat. Ie : ( ) 
b(ma) 


where c = 0.5; Rpo = 30-70 ohms and usually coincides with the value 
obtained from formula (8). 

After the values of the successive resistances Re, Re and Rp have 
been determined the analysis of the input and output circuits of the switch 
from the formulas does not present any difficulties. 

An essential case in the analysis of the switch is the deduction of the 
dependence on the mode of operation of the direct and inverse current 
amplification factors of the triode ay and ay. 

In the "on" condition, the calculated values of Poh and}. correspond 
to the experimental values only when the change of ay and a7, caused by 
the collector current, is taken into account. 

The deduction of this effect is of significance towards the determina- 
tion of the beginning of the saturation mode, since in this case 
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l—a I 
ie | Hh 
ee c ay By ss (10) 

In order to obtain the concrete form of the indicated relation with the 

help of the special impulse arrangment, the transfer static characteristics 
Ie =f (Tp)| Uy of a large number of semiconductor triodes were investigated. 


Typical characteristics for triodes P6, P13, P14, P16 are shown in 
Figure 10 and 11, while the empirical relation of the direct current ampli- 
facation factor is of the form 

1 1 Z 
ty ty ym 


(11) 


where c #1.5; a = (4-25) 1078; BNo is the small current amplification fac- 
tor. 


400 $00 !,(ma) 


A strict theoretical analysis 
of this important relation meets 
with important difficulties because 
of a whole row of specific condi- 
tions which occur in semiconductor 
triodes at large current densities 
Gaualialls 
Let results of temperature 
tests of the ''on'"' semiconductor triode 
are shown in Figures 12 and 13. 

The influence of temperature 
on the triode has been sufficiently 
studied, since the temperature de- 
pendence of the reverse collector 
current Ig and of the reverse emit- 
ter current Igy plays an important 
role, 


Figure 11 
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Figure 12 Figure 13 


CONCLUSION 


The examination of the experimental characteristics of the semicon- 
ductor triode in the switching mode of operation has revealed the possibility 
of their analytical synthesis, based on the formula for the ideal triode to- 
gether with the knowledge of the additional resistances Re, Re and Rp. 

The results of the experimental measurement of these resistances are 
given; the region with negative differential resistance on the input char- 
acteristics of the switch is indicated, which region is allied with a large 
modulation of; the resistance Ry, by the moving charge carriers upon entry 0 
of the operating point into the saturation region. 

The influence of the variances of the amplification factors ay and oy 
on the analysis of the switching operation is indicated and the experimental 
relations py =f (To) U, and f; =f (Io)| y+ 


The influence of the temperature on the static characteristics of the 
switching semiconductor triode is estimated. 


Article submitted ‘to Editor on October 6, 1960 
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PARAMETERS OF SEMICONDUCTOR 
TRIODE AMPLIFIERS WITH FEEDBACK 


V.M. Shamshin 


The main parameters of feedback amplifiers under various types of feed- 
back areexamined. Tables for the calculation of the parameters of the feedback 
loop for the case of unit step amplifiers using various circuits with triodes are 
given. Anexample is given, which illustrates the utilization of these tables. 


Feedback amplifiers may be conveniently classified by the method of 
connections of four-terminal networks, which networks represent the am- 
plifying element and the feedback loop. 

Five ways exist of normally connecting two four-terminal networks: 
series, parallel, series-parallel, parallel-series and cascaded eul Along 
with these methods of connecting four-terminal networks, representing the 
amplifying element and the feedback loop, the following types of feedback 
are differentiated: series, parallel, series-parallel, parallel-series and 
complex feedback (in the case, when several feedback four-terminal net- 
works are connected to the amplifying element). Other forms of feedback 
can, in the majority of cases, be broken down into one of the above forms 
or their combination. The cascaded connection of the amplifying element 
and the feedback loop is usually not used. 

In order to investigate the parameters of the feedback amplifier, it 
is necessary to determine the parameters of the four-terminal network 
which is equivalent to the amplifier with feedback. It is suitable to utilize 
the determined systems of parameters in the determination of the equiva- 
lent parameters of various connections of the four-terminal networks. For 
instance, it is convenient to use the ''z'' system of parameters for the 
determination of the equivalent parameters in the series connection of the 
four-terminal networks (series feedback as in Figure 1). In this case, the 
equivalent parameters of the series connection are determined rather 


easily, specifically [1 |: 
ZY e= 2 + Zip (1) 


where z;;, are the equivalent I, I, 


amplifying 4 U; 


paramet rs of the series con- 
nection of four-terminal netwoks 
(amplifier with feedback); Zij and 
zit are the parameters of the com- 
ponent four-terminal networks. 
The positive direction of the cur- 
rents and voltages is indicated 
on Figure 1 by the arrows. 

In other types of feedback, Figure 1 


element 


oice of the system of parameters and of the corresponding systems 
Bee tions of fic icon teeuinel networks is made according to Table 1. 
Once the parameters of the four-terminal network, the equivalent ampli- 
fier with feedback, are known, one may determine the main parameters of 
(Kr, Kp, K, Zins Zour) [3]. Transforming the formulas for the main 
parameters with relation (1) in mind, one may obtain these formulas for 
all examined types of feedback in the form of [2]: 


Type of feedback 


a Se (2) 
1 
Se LE (3) 
LG ieee (4) 
Zing =4in poe (5) 
Z outf = Zout a : (6) 
Table 1 


Parameters of the 
equivalent connectio 
of four-terminal 


System of equation 
of the four-terminal 
networks 


networks 
Uy = Zyl, as Z12 ln , a 
. Wott i é pete z. 
Series Zz Gio SS Gli aeels Zije= Zi; +2; 


2 fy = Yury + Vigo Ladies tg 
parallel "y! fg = Yor, + Yootlo hls Seah as 


series-parallel 


parallel-series 


Uy = hyyly + Aygo 


ig = holy + Aogtte hije= hij if hj 


i = 2141 + Bile 


Uy = Zl) + Kolo Bije= Bij + Bij 


In the formulas (2) -(6): 


Kx, Kt 


Ker, Kg 


K cf, Ke 


Zin f> Zout fy Zin 


Z 


out 


is respectively the voltage amplification factor with 
feedback and without feedback, determined as the de- 
pendence of the voltage on the load on the voltage atthe 
input; 

is respectively the voltage amplification factor with and 
without feedback, determined as the dependence of the 
load voltage on the emf of the generator; 

is respectively the current amplification factor with 
and without feedback, determined as the dependence 

of the load current on the current in the input loop; 

is the input and output impedance of the amplifier with 
and without feedback correspondingly; 
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0 is the coefficient which characterizes the influence of 
feedback on the transmission of signal in the forward 
direction; 

B , B is the voltage feedback coefficient for the two cases of 
the determination of the voltage amplification factor; 

y is the current feedback coefficient; 

6, & are the coefficients obtained when the influence of feed- 
back on the output impedance is taken into account. 

The expressions for the feedback parameters of the various forms of 
feedback are given in tables 3 and 4. 

The formulas (2), (3), (4), (5), (6) and Table 3 allow us to estimate 
the influence of feedback on the amplifier parameters, if the parameters 
of the amplifier without feedback and the parameters of the feedback loop 
are known. Among the above included formulas two formulas are given 
for the determination of the voltage amplification K,;,(2) and Kp¢(3). 

The last of these coefficients Ky; includes the influence of the genera- 
tor impedance Z,. on the transmission characteristics of the closed feed- 
back loop. The necessity of introducing the coefficient Kg is explained in 
the following manner: semiconductor amplifiers, as it is known, are dis- 
tinguished by a low input impedance and the generator impedance in the 
majority of cases turns out to be commensurable with the input impedance 
of the amplifier. In this case, the generator impedance has a substantial 
influence on the coefficient of transmission of the signal along the feedback 
loop. It must be taken into account in the analysis of the amplifier prop- 
erties, which are tied in with the transmission of signals along the closed 
feedback loop, as for instance in the analysis of amplifier stability, influence 
of feedback on nonlinear distortions, and noises arising in the amplifying 
element and so on. 

In order to determine the influence of each type of feedback, the am- 
plifier parameters which belong to the feedback loop must be calculated 
from the formulas (2), (3), (4), (5), (6) and estimated quantitatively. 

In Table 2 the qualitative picture of the influence of the various types 
of feedback on the amplifier parameters is presented. 


Table 2 


parallel- 
series 


Senies= 
parallel 


does not prac 
tically change 


does not does not prac- 
decreases 
practically decreases ioenate 
aan change tically chang 
esses nin 3 increases decreases increases 
increases | decreases decreases 
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decreases 


increases 


Table 3 


Type of feed- series- parallel- 


Parameter back be he tae parallel series 


wn 


zi Yip hip Bj are the parameters of the amplify- 
ing element without feedback. 


are the parameters of of is feedback 


” Ld or oe 
Zaps Yin h jj’ gj 
ij? “i “i ©) four-terminal network 


Table 4 
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In tables 5, 6, 7, 8 values are presented of feedback parameters for 
the types of feedback examined, and for the main circuits which include 
semiconductor triodes in unit step amplifiers. 

One may make the following conclusions from Table 2: 

1. In all cases, feedback lowers either the voltage amplification 
factor, or the current amplification factor. In this way, the useful effect 
of the inclusion of feedback (stabilization of amplification, decrease innon- 
linear noises and so on) is obtained at the cost of a decrease in the ampli- 
fication. 

2. The various types of feedback have different influences on the in- 
put and output impedance of the amplifier. For instance, series feedback 
increases while parallel feedback decreases the input as well as the output 
impedance of the amplifier. In this manner, by choosing various correla- 
tions between the depths of parallel and series feedback in the amplifier 
with combined feedback, one may obtain the desired input and output im- 
pedance. 

3. Series-parallel feedback, which decreases the output impedance 
and increases the input impedance, is convenient from the point of view of 
impedance matching. (It is known that in semiconductor amplifiers the 
input impedance is usually considerably lower than the output impedance). 

The formulas (2), (3), (4), (5), (6) and tables 5-8 may be directly 
used for the determination of the properties of unit step amplifiers. When 
they are used in the analysis of multistep amplifiers with feedback, it is 
necessary to have the parameters of the four-terminal network, equivalent 
to the multistep amplifier without feedback. 

Below, an example of the analysis of the parameters of a unit step 
low frequency feedback amplifier is presented. 


EXAMPLE 


Let us assume that it is required to calculate the impedance of a 
series feedback loop with a value of 1 neper (for instance, for stabiliza- 
tion of an amplifier) and to determine the parameters of the amplifier 
with feedback. Let the following be given: 

1. The amplifier utilizes a triode type P-13A, connected as a com- 
mon emitter and operating with V. = 5 volts, I, =1 ma. 

2. The triode parameters with V. = 5 volts, I, =1 ma, re = 25 ohms, 
Lp = 250 ohms, r, = 1 megohms, a= 0.97, 

3. The generator resistance is Rg = 600 ohms. 

4. The load resistance is R. = 1k. 

The feedback resistance may be calculated in the following manner: 
from formula (2) 

1+ eiKy. Kue 


=l1neper (2.7 ratio 
oe Ku per ( ) 


Usually 0 « 1 (which is confirmed by the calculation performed 
below), so that 


From this 
pus ae 
Cyd KL 


From Table 5 
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BL aR, = K, , 
from which 
¥ 1.72R) 
= Ki 
Since 
aR 
ge hs 
L Pact (l se) I 


: : r 
in this manne R=1.7[r. +rp,(1—2)] =55 Ohms, 


For the determination of the parameters of the feedback amplifier it 
is necessary to determine the parameters of the amplifier without feedback 
and the parameters of the feedback loop. The parameters of the amplifier 
without feedback are determined from the formulas (3): 


ah sae a pene 
fam OS ==) 
Ro ee ee era tt 
ret (ry + RYI—) 
2 1—0.97 
‘<8 = 152.8% 
Ke l—2 0.97 


abs he 
R_ = re="bU—*) _ 1089 ohms, 
in |=—2 


' ro + Ren _s9 5 kohms. 
Fete Ren 


Thecoefficientso, By, Bp, Y, 6, and are determined from the for- 
mulas of Table 5: 


Rou = "ed —2D+7r, 


R 


s=y{=— = or id 
Fo 
ie. am ie 
R =3 
=, = =— 71 : 
*L Be aRy a 
t= R i = leks 
ret (yt RM a) 
6 ee he C63 


fetryt Ron 
The parameters of the feedback amplifiers: 
Ki (i +9) 2 Ky 
P+akK, 18K, 
_ Ke (l +3) Kp 


= ———__ = ———~—_ = 92: 
Ef aha Kp LER 9.2; 


a 


Ke (lL +9) K 
Kone == Bs Sane : 
cf Were nore 32.3: 


1+3,K 
Rinf = Rint a = 2820 ohms: 
Tete 


1-3 
Routf = Rout Ta = 118 kohms. 
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GRAPHICAL METHOD OF DETERMINING 
THE OPTIMUM VERSION 


OF AN IF AMPLIFIER CIRCUIT 


A.M. Zufrin 


The article suggest a graphical method permiting the selection of the 
optimum version of an amplifier circuit with the desired gain at the 
smallest number of stages. 


GENERAL COMMENTS 


The design of multistage IF amplifiers consists, essentially, of the 
choice of a circuit, of the type of tuning, and of the number of stages which 
will guarantee the desired over-all gain and bandwidth. One must realize 
that the gain of each stage depends upon the number of stages, the type of 
tuning, and the circuit configuration. With these facts in mind, the overall 
gain, Ky is obtained from the relation 

eae 
9 (n, p) 


Here, @(n, p) is the function which describes the relationship between 
the bandwidth of the individual stage and the chosen version of IF amplifier, 1 
and upon the number of stages; n is the number of stages in the IF amplifier, 
p is the detuning between single-circuit amplifiers or the coupling between 
two-circuit amplifiers. K, is the gain of a single stage, with the bandwidth 
of each stage being equal to the desired bandwidth of the IF amplifier: 


(1) 


1The classification of the most common versions of IF amplifiers is 
given in Table 1. 


Ss 
=< r 4 
of 2CAIg. @) 


where S is the transconductance of the tube, C is the total capacitance of 
the circuit, Af) 7 is the desired IF bandwidth. 

Accordingly, the problem of choosing the proper amplifier version 
and of determining the number of stages is solved by satisfying several 
conditions; this is why the solution may not be single-valued in a number 
of cases. Usually, the problem is solved by trial and error, or by a meth- 
od of successive approximations. 

In fact, the same value of gain and bandwidth can be obtained from a 
different number of stages of the various IF amplifier versions, while cer- 
tain versions will not yield the desired gain, regardless of the number of 
stages. A large number of calculations must be performed during the 
determination by trial and error of the optimum IF amplifier version gua- 
ranteeing the desired value of gain with a minimum number of stages. 
Usually, designers compare two or three versions and choose, without 
sufficient justification, one of the versions, basing their decisions on per- 
sonal experience or intuition. 


Table 1 
IF Amplifier Versions 


Type of tuning 


| All circuits are tuned to resonance 
2 The circuits are detuned in pairs. The detuning is half the 
critical value, (p = 0,5; dy = do = de) 
3 ny circuits are ST ee inpairs. ee ne is equal to the 
al value p =1; d; = d = de) 


a5 The circuits are detuned in pairs Maximum detuning. 


A 


ie = P max = Vie Vai cedsada! 
| The circuits are tuned to three frequencies. Maximum detuning. 
P= Pmax is determined from 
' 


Prmax — Arps ox — BrP nox oi A =0, 


pooj Solies 10 [ojeaed 


YIM SOULBYOS JMO110-9[SuUIG 


where A =93V 8 8m By -70V 8 8 —3); 


=u; dy = 2de; dp=d3=de 
The cirouits are tuned to resonance, The coupling is half the 
critical value. (p = 0.5 
| The circuits are tuned to mengnahce . Critical coupling. 


e circuits are tuned to resonance, Maximum coupling. 


| eae aria pg a) 


Equal number of single-circuit and two-circuit stages. 
coupling is maximum. Pe Pmaxis feT eet from 
Pmax — Asp ax BP max — c,=0, 


seuloyos 
yMOI10-OM], 


souleyos 
POXTIL 


where A ee Ve 3 ReccVaey 
=27V 4; d,=2de;d,=d3=de 
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A version chosen in such a fashion may just happen to be near the 
optimum solution. 

The existing techniques (2, 3, 4) simplify the calculations required 
in a solution by trial and error, but do not provide a possible comparative 
analysis of the various IF schemes that guarantee the desired gain and 
bandwidth. 


Table 2 


Results of excluding the non-optimum versions and of grouping 
the versions with nearly the same values of gain 


Optimum versions of IF am- 
=| plifiers (fiven in the order Remarks 
of increasing gain) 


Type of 
construc- 
tion 
Number 
of stages 


ie Ste | There are nonon-optimum versions. 
r 6; 7 or 4; 8;9 ) There are no non-optimum versions. 
3.62°72402°8 | There are no non-optimum versions. 
Non-optimum versions 1 and 2 are 
excluded. 
Non-optimum versions 1, 6 and 7 are 
excluded. 
Non-optimum versions 1, 2, 3, 4, 5, 6 
and 7 are excluded. 
All versions are non-optimum, since In certain cases, for instance where uni- 
they guarantee asmaller gain than ver- formity of all stages is desirable, version 
ion 9 six-stage IF amplifiers. 8 six-stage IF amplifiers may be used. 


(wide-band IF amplifiers) 


Non-optimum versions 1, 2, 3, 4, 5, 6 
and 7 are excluded. 

|There are no non-optimum versions. 

| There are no non-optimum versions. 

| There are no non-optimum versions. 


Non-optimum versions 1, 6 and 7 are 
excluded. 


narrow-band| 
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The proposed graphical method of solving this problem not only guar- 
antees the choice of an optimum version, but also provides for a compara- 
tive analysis of the various versions under all possible values of over-all 


gain and bandwidth. 


GRAPHICAL SOLUTION OF THE PROBLEM 


It is possible to determine from equation (1) the value of gain pro- 
vided by the various versions and by the number of stages for varying values 
of bandwidth, i.e., it is possible to determine the value of a function of the 


following type: 
Ky = Pf fo7 3 0; o(n, p)}. (3) 
The calculation of Ky) was performed for discrete values of bandwidth 
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for two types of IF amplifiers: ; 

(a) wide-band amplifiers (no lumped capacitance in the circuits) 
built around tubes of the type 6G1P, in the range of Afy 7 = 0.5-20 M cps: 

(b) narrow-band amplifiers (with lumped capacitance in the circuits), 
built around tubes of the type 6K3, in the range of Af) 7 = 1-50 k cps. 

The results of the calculations performed on the function (3) were 
plotted on log-log paper. Analysis of the resulting graphs has revealed 
the following: 

1. The functions (3) are continuous and appear to be straight lines 
on logarithmic paper; these factors increase the accuracy of plotting the 
graphs and are aids in using them. 

2. For each number of stages, the functions (3) form a family of 
parallel straight lines, the slope of which depends upon the number of 
stages. The slope of the lines, is measured with respect to the abscissa, 
and increases with an increase in the number of stages. It is not practical 
to increase the number of stages beyond eight or ten, since the slope of the 
lines is already approximately 80 degrees when there are eight stages. 

3. The family of lines of a certain version may pass in the neighbor- 
hood of other families in which the number of stages is lower in the entire 
range of examined bandwidths. Accordingly, certain versions may be 
ruled out, since the overall gain in such versions is smaller than in other 
versions, while the number of stages is greater. We will consider such 
versions as non-optimum ones. 

_ For example, versions 1 and 2 of four-stage wide-band IF amplifiers 
are considered non-optimum, since the gains are smaller than in the three- 
stage IF amplifiers of versions 6, 7 and 8 for all possible values of band- 
width. 

It is interesting to note that, in addition, the excluded versions have 
a poorer selectivity. 

The gains of certain versions of amplifiers which belong to the 
same family of straight lines have nearly the same value of gain (differing 
by 10-15%). 

If all the straight lines which correspond to all IF versions were 
plotted on the same graph, with the number of stages varying from one to 
eight, the graph would become overcrowded and it would become very dif- 
ficult to use it. Hence, non-optimum versions have been excluded from 
the graphs, while a single straight line was substituted for a group of lines 
with nearly the same value of gain. 

The results of the selection are displayed in Table 2, while the 
graphs which contain the optimum versions of wide-band and narrow-band 
IF amplifiers built around tubes of the type 6G1P and 6K3 are shown in 
Figure 1 and Figure 2. The numbers on the straight lines correspond to 
the numbers of the versions, as indicated in Table 1. 

Examination of the graphs of the optimum versions has revealed that, 
for certain values of bandwidth, there exist regions on the graphs where 
different families of lines intersect. No single-valued solution to the prob- 
lem of choosing an IF amplifier version and of determining the number of 
stages that is required exists in such regions. These regions are especially 
noticeable in plots of wide-band IF amplifiers, in which the capacitances of 
single-circuit and two-circuit amplifiers differ significantly from each other. 

In this manner, the graphs of the functions (3) may be used for a com- 
parative analysis of the optimum versions in terms of the various parameters 
associated with IF amplifiers. If the parameters correspond to a region in 
which the versions in various families of straight lines intersect, then the 
graphs may be used for choosing the optimum version which requires the 
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least number of stages. In other cases, the graphical method may be used 
for choosing a version which, instead of containing the least number of 
stages, may most easily be constructed or tuned. 

The above may be illustrated with the following example. In the 
article [2] a calculation is made on an IF amplifier with a bandwidth of 
Afy.; = 8 Meps and a gain of Ky = 5-10° = 104, 

After the type of tube had been chosen (6G1P) and after the total 
capacitance had been calculated, the required number of stages in each IF 
amplifier version was determined: 

(a) version 1 — the required gain cannot be obtained, regardless of 
the number of stages; 

(b) version 3 — sixstages, with an overall gain K)=7,800 are required. 

(c) version 7 — five stages, with an overall gain Ky = 9,100 are 
required. 

From the above comparison, the six-stage IF amplifier (version 3) 
is chosen. 
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Figure 2 


The solution of this problem b i 
y the graphical method (Figure 1 
reveals that for a bandwidth of Af) ; = 8 Meps, version 8 vitntdea i 
of 1.5 -10° with a total of four stages edt os 
The versions examined in (2 : i 
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amount. Besides this, the slope of each family of straight lines depends 
only on the number of IF stages. Hence, as the initial conditions are 
changed, each family of straight lines will assume positions parallel to 

the previous postions. The above conclusions were verified on graphs of 
the function (3) drawn for initial conditions which cover the use of all tubes 
known to be used in IF amplifiers: 

(a) wide-band IF amplifiers, with the ratio of transconductance to the 
capacitance in the circuits being in the range of 0.1£1.0 in single-circuit 
amplifiers, and 0.4=2.0 in two-circuit amplifiers. 

Examination of the families of straight lines constructed for varying 
initial conditions has revealed the fact that versions noted as non-optimum 
remain as such for all values of initial conditions. 

In addition, the graphs shown in Figure 1 and Figure 2 may be utilized 
in the construction of graphs of the function (3) for any initial conditions. 
This may be done in the following manner. 

The gain of a version 8 single-stage IF2 amplifier is calculated for 
the new initial conditions (new values of transconductance of the tubes and 
capacitance of the circuits) and for the desired value of bandwidth. The 
value of gain so obtained is transferred to either Figure 1 or Figure 2; 
futhermore, the difference between the ordinates of the new and old point 
is measured (in millimeters). 

Denoting the obtained difference as Ly, the gain of a version 8 n- 
stage IF amplifier will be determined from the point which is nLy mm. 
away from the ordinate exis of the straight line which represents the ver- 
sion 8 n-stage IF amplifier. 

The relationship between the points for a varying number of stages 
comes about as a result of the logarithmic nature of the plots, since 


Ig Ke =nlg K,. (4) 


If the determined gain for a version 8 single-stage IF amplifier is 
smaller than the value obtained from Figure 1 or Figure 2, then all the 
points are shifted below the straight line which corresponds to the version 
8 amplifier; on the contrary, the points are shifted above the line if the 
gain is greater. Thus, on Figure 1 point a corresponds to the gain of a 
version 8 single-stage IF amplifier, with a bandwidth Af), = 10M cps 
under the following initial conditions: the tube is type 6K4P and has a 
transconductance S = 4.4 ma/volt; the capacitance in single-circuit am- 
plifiers is Cy = 20.5 mmf, and in two-circuit amplifiers is Cp = 10.6mmf. 

The gains for version 8 two-, three-, four-, five-, six- and eight- 
stage IF amplifiers are denoted on points b, v, g, d, e and zh. The points 
are located at twice, three times and so on the distance Ly away from the 
corresponding lines of version 8 amplifiers; the points were obtained by 
the graphical method and were verified by calculations. 

In order to simplify the calculations of the gains corresponding to 
version 8 single-stage IF amplifiers, a nomogram has been drawn in 
Figure 3. It permits one to determine the gain for various values of the 
total capacitance of the circuits, of the transconductance of the tubes and 
of the bandwidth. 

In this way, the optimum version may be determined with the aid of 
the graphs (Figure 1 or Figure 2) for any given initial conditions. 


2Version 8 was selected because it is encountered in all families of 
straight lines shown on Figures 1 and 2. 
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S=5.0am/v; Af=1Mcps 
We find VC;C,=14; Ke=88. 


Figure 3 


As noted above, as the initial conditions are changed a parallel 
shifting of the families of straight lines occurs; this factor permits the 
rapid determination of the graphs of equation (3) for any given initial 
conditions. 

The apparatus consists of a stationary base marked off with a 
logarithmic scale and of movable transparent scales. On each movable 
scale a particular family of straight lines is drawn. A full view of 
the apparatus is shown in Figure 4, while a portion of the scale of the 
base is shown in Figure 5. 

The proposed apparatus may be used to choose the optimum IF 
amplifier version, the choice being based on theoretical considerations 
of the various versions for a varying number of stages and varying 
bandwidths. 

The author wishes to express his gratitude to Professor N.I. 


Chistyakov for his kind attention and valuable advice on the present 
work, 


Article submitted to Editor on June 16, 1960 
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ON THE CALCULATION 
OF SINGLE-CYCLE FERRITE-DIODE CIRCUITS 


K.E,. Volkovitskiy 


The processes which occur during the switching of cores in single-cycle 
ferrite-diode shifting circuits are examined. Formulas that may be used in 
engineering calculations of the transfer and cycle windings are derived. 


Wide usage has been made of ferrite-diode circuits as well as of 
single-cycle, double-cycle and choke ferrite-diode circuits. The operation 
cycle of ferrite-diode schemes consists of the preparation, or the writing 
of information on the core, and of the working cycle, or the reading of in- 
formation from the core. Below are examined the processes of the work- 
ing cycle (reading) in single-cycle ferrite-diode circuits. 


APPROXIMATION OF THE HYSTERESIS LOOP AND DETERMINATION 
OF THE PARAMETERS OF A TOROID-SHAPED CORE 


It is well known that the electrical parameters of a ferrite core not 
only depend on the parameters of the hysteresis loop of the material but 
also on the dimensions of the core. Each branch of the actual hysteresis 
loop may be approximated by various complicated functions, by a sloping 
straight line, or by an ideal rectangular loop. 

In the present work, the hysteresis loop of the material is approxi- 
mated by an ideal rectangular loop (Figure 1), If this assumption is made, 
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then the corresponding hysteresis loop of the toroid-shaped core will be as 
shown in Figure 2. 

The slope of the hysteresis loop may be explained by the fact that the 
core switches gradually from the inner surface outwards in the radial direc- 
tion. 

A core begins to switch magnetic 
states when the strength of the field, which 
is determined from the relation q=9-Anlw 
attains the value H, at the inner surface of 
the core, which value corresponds to the 
minimum ampere-turns 


Helmin 
0.45 
Here i; is the current in the mag- 
netizing winding, w, is the number of 
turns on the magnetizing winding, lmin 
is the minimum length of the magnetic 
path, H, is the field strength for which 
the material begins to switch states. 
The magnetization will end when 
the field strength on the outer surface Figure 1 
of the core attains the value H,, which 
value corresponds to the maximum am- 
pere-turns, equal to 


(i; @1) min = 


Helmax 


i, w = 
(i121) mae = Heme 


where | ,,4x is the maximum length of the magnetic path (on the outer sur- 
face of the core). 
Using these relations and taking into account the fact that 


l= 2zr, 
we obtain the currents at the beginning and at the end of the magnetization, 
as well as the difference between these currents 


Reape 5H ef min 
ming sao Fy. 
5 __ _9H ef max n (1) 
l max a w 
5 9 5H, 
Lmax — 'min = (max i Tnin) 


1 
The inductance of the ferrite element during switching may be deter- 
mined from the law of electromagnetic induction 
dp 


=s : 
pee ee Noone -2 4 
dt dt 


1The switching ferrite has a certain amount of inertia, which is 


characterized by the switching coefficient, Sy. ot 
Everything stated in this article holds true when the switching time 


of the ferrite is greater than its switching coefficient. 
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Taking into account the fact that #= BS and assuming that the flux 
density changes from a value -By to a value +By, we obtain 


di 


dS ae 
2wB, 7 10 — Ib dt 


where dS is an increment on the surface of the core which has become mag- 
netized. A cross section at right angles to the toroid-shaped core yields 


dS = hdr, where h is the thickness of the core. 
Hence, 


2wBh 10n= sr =. (2) 


We will now determine 
the radius at which the material 
was magnetized by the current 
given in equation (1): 


Substituting this relation 
_ into (2), we obtain: 

2w°Bhdi 1-8 __ pdt 

5H_,dt dt 


from which, the inductance of 
the ferrite element in the pro- 
cess of switching states is 


= 04 oe sae (3) 


ce 


Figure 2 


EQUIVALENT CIRCUIT OF FERRITE CORE, 
WITH CAPACITIVE OUTPUT 


The complete diagram of a ferrite core with capacitive output is 
shown in Figure 3. The capacitor is prevented from discharging by the 
inclusion of the diode in the discharging path, and by the inductance in the 
charging path. For the purposes of this analysis, we will transform this 
circuit diagram into an equivalent circuit (Figure 4). 
A ferrite core which is being 
magnetized can be represented by 
D a transformer (Figure 4a). In the 
circuit, the diode is represented 
by a resistor, whose resistance 
is equal to the forward resistance 
G of the diode, with the resistor 
shunted by a capacitor which rep- 
resents the capacitance across 
Input the diode. 
winding Ww winding Representing the transformer 
1 of Figure 4a by its complete equiv- 
alent circuit, we obtain the cir- 
Figure 3 cuit of Figure 4b. 


Cycle winding 
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Figure 4 


The circuit is fed by the pulses from the pulse generator; the resist- 
ance losses rp of the ferrite core are small.“ If a germanium point-con- 
tact diode is used as a gate, the diode capacitance, Cg may be neglected. 
The real part of the secondary impedance, r, may be combined with the 
resistance of the diode, Ry. Th leakage inductance of the secondary wind- 
ing may be reflected to the primary side. 

All further calculations will be performed on the circuit of Figure 4c, 
with the above facts in mind. The resistance Rig is given by 


2 
Pee Rie AC at 4 
, e d 06 yo (4} 


wy) 


a 
Rg=R 


pe 
2 
5 


The forward resistance of the diode depends on the amplitude of the 


‘current that passes through the diode; however, as will be shown later, the 


current during charging changes by an insignificant amount, so that the 
resistance Rg may be considered constant for all practical purposes. Con- 
sequently, all the parameters of the circuit of Figure 4c do not depend on 
the magnitude of the current during magnetization. 


OPERATION OF FERRITE CORE DURING CHARGING 
OF THE CAPACITOR, WITH Rg = 0 


Before analyzing the operation of the ferrite core with capacitive out- 
put, let us examine the ideal case, when R'ig= 0. Analysis of this case will 
help to determine the principal relationships, which relationships will change 


2During the switching of the ferrite a certain amount of the energy is 
stored in the magnetic field in the ferrite. This energy is stored in L of the 
equivalent circuit. In addition, a small amount of the energy is dissipated 
by the eddy currents. This energy is dissipated in ry of the equivalent 


circuit. 
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only by a little in the actual case, since Rq is very small. se Eh 
The equivalent circuit diagram for the ideal case is shown in Figure 
4d. The circuit is described by the equations 


i=l, = is, 
t 


diz 1 Co 
ik =U. = — | idl. 
dt ‘i (or \ 7 


0 
Solving these equations simultaneously, we obtain: 


t 


diene ict eee 
it Saya \ G i,) dt, 


Separating the variables and integrating between the time limits of 
the magnetization (Tmag), we will obtain: 


"mag Tmag ! ™mag 
CL { dis = \ at | idt— J at \ igat, 

0 0 0 0 0 
Since the functions i, = f;(t) and i; = f,(t) are continuous, the mean value 
theorem may be used. 

According to this theorem, the definite integral of the function is 

equal to the product of the function under the integral sign taken at some 
time interval (£), and of the interval of integration 


j f (x) dx = fi.» (6— 4). 


In our case, we have 


Dre ; ae Reta. 4 
C’L (is =o bys pe Oo fan Tag — Uy ‘x: Imag’ 
Substituting the value of (ij max - igmin) from (1), the value of C' 
from (4) and of Lfrom (2), and taking into account the fact that ah = S, 
and solving the equation for Tmag, we obtain 


Tee te DUA, Eee peat (5) 
mag os {4 (eos é3 ¢,)] Wi 1 


Tag: which has been here determined for the ideal case will be referred 
to as Tj from now on. 


Let us determine the energy in the condenser at the end of the charg- 
ing period 


Knowing that } 
Us = \ ids, 


C’ 
0 
t 
Comal 


5 . . 2 
A,= > (cy? \ (d, — fs) dt| c 


0 
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from which we obtain in an analogous manner 


2 2 2 72 
By ee 2 a) i ing 
Ae pee Cal 
G1) wv mag Cu? 


ie 
a gles 
Substituting Ty,ag from (5), we obtain 


A, = 2i,, 0, BS, (6) 
where i,/:) = i: — b3 «,): 

Examining the resulting equations, we observe that 

1. The energy stored in the capacitor C is independent of the capaci- 
tance. When the capacitance is changed, only the switching time changes. 

It must be remembered, however, that this holds true only in the ideal 
case, where there are no losses, when the time constant of the load is zero, 
and when the parameters of the core are such that the switching time is 
longer than the switching coefficient of the ferrite. 

2. The energy stored in the capacitor is proportional to i.w,; hence, 
it is proportional to the ampere-turns ijw ,, as can be seen from (6). 

3. The switching time of the core depends upon its parameters, the 
magnitude of the capacitance, the number of turns of the transfer windings 
and the magnetomotive force of the clock pulses. 


OPERATION OF THE FERRITE CORE WITH CAPACITIVE OUTPUT, 
WITH Ry #4 0 


In this case, the equivalent circuit diagram is shown in Figure 4c. 
The circuit is described by the equations: 


i ty -F ts, 
t 


Le =i, Rg + = S ind. 


Solving the equations rae 2 and performing the same trans- 
‘ formations as in the previous case, we obtain 


L (és max Lsmin = Rg [i (&) — bye 2] Tag? Ser oa [4 Gy is el mag’ 


Substituting the value of (i3max - igmin) from (1), and solving for 


Tmag, we obtain 
4w>BSC 4 
seve V __1ttse +(KR,C)? = KR,C, 


Lis (&) — 43 &y]@1 


pucte — gy a) 


4) (&) — 43 (&) 


t 
Let us represen ROT 7) 


Substituting the value of Tj from (5), we obtain 


(Ravi Vet? (KT? KT, (8) 


The energy stored in the capacitor is equal to 
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A : 2 
ie CUd EET ee ey Tinage @) 
. 2 a 2Cw3 
as in the ideal case. 
The efficiency of the system is determined in the following manner: 
Ae 1 


eh Mime AAs 


where Ay is the energy used in the charging circuit. This energy is spent 
on the charging of the capacitor (Ag) and is dissipated in the resistance of 
the diode (Ay) 


1 
A,=A,+A,; "eas 


The energy dissipated in the diode resistance is equal to 
A § pat, 


where p = 15 R'g; hence, 


A, = 1 (&) Rg Tag 


From which, 


2 ’ 
Aa Ae #2 (&) RaTmag _ 2xTz 
rl Caz 2 2 af T, , 
12 (&) Tmag ae 
2G 
so that 
1 


OFF 


(9’) 


3 
| 


1+ 
Tmag 


Analyzing the resulting equation, we conclude that it is advantageous 
to choose 
Tnag> T,. (10) 
from the point of view of energy. 


DETERMINATION OF k 


In calculations of the core parameters it is found necessary to obtain 
the magnitude of k 


k= Ae) —&) 
41 &) — 13 (&) 


(11) 


The functions that determine the value of k depend on the amplitude 
and shape of the current pulses i,, the switching time of the toroid and the 
number of turns on the cycle winding. 

In the majority of cases, the leading edge of a pulse may be approxi- 
mated by an inclined straight line (Figure 5a) or by an exponential (Figure 
5b). The curvature of the current pulse after switching is unimportant. 
ij¢,) is determined from the relation 

T 


Leh Ma tide 
0 
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In the first case (Figure 5a), 


i= t Ota Ts 
Tt, ele 
Then, 
eee vel: T 
biG) akg’ Ts | (19 
1 ie 
eG) go iT 
UES Tnag Ts 
Ss T tT —T, 
= es 
1p & F ) | (13) 
i |D75k GG eretoll- | 
1%) | 372 P 
(Rs Sab ese 


where Tyyag is the switching time of the toroid, T, is the duration of the 
leading edge of the pulse, imax is the maximum value of the current pulse. 


Figure 5 
In the second case, 
i =ipag(L—e” '™# ) 
=| |] — —“.(1 —e mag | 
th ) max mag | (14) 
- 
mag mag 


where 7, is the time constant of the leading edge of the current pulse. 
Practically, is;:,and ig;:.) have the following values, regardless of the 
shape of the current pulses i,: 
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eile (y — a'6) | 


ety 
3 (,) ws av 
( ay 


; (15) 
Dies |, Seay | 


ey Ce Wy 


In cases where w; is unknown, or in the case of preliminary calcula- 
1 (5) 


t . 
tions, one may use K = - , which relation is accurate within 10%. One 


{ (:) 
may use k = 1,15 in even more tentative calculations, where the accuracy 
is within 15%, when 


Te eae 107 


ORDER OF CALCULATIONS 


The determinable parameters are: Ac; C, which is obtained from cal- 
culations performed on the discharge circuit and from design considerations; 
Rg, which is determined from the type of diode used in the circuit; Tmag, 
which is so chosen as to satisfy the inequality (10); i; = f(t), the current 
pulse, which is determined from the type of generator of clock pulses which 
is used. 

The order of calculations is as given: 

1, We determine Tz from the relation (7). 

2. We determine k from the formulas (11)-(17) and from the para- 
meter of the pulses. 

3. We determine the switching time for the ideal case, solving (8) 


j= V age 2k Tag! : 


for Tj 


4, We determine the number of turns on the transfer winding, w> by 
solving equations (8) and (9) simultaneously 
: UcT i 
“?" 48STmag 


5. We determine [,:. — i; ,.]«, from (9) 
CU ia! 
bo (2) ay Taras 


Sears Tmag 
6. We determine the effective ampere-turns of the primary winding 
by) 1 = by py BM + OF y. 


7. The current pulse being known, we determine the number of turns 
on the cycle winding, or else, the number of turns being known we deter- 
mine the necessary amplitude of the current, imax from (13) and the re- 
quirements on the pulse generator. 


8. We determine the efficiency of the core during changing (9'). 


SAMPLE CALCULATION 


To calculate the parameters for the charging of the core, from the 


following data: 2 
A. = ats Une ena 
ees 2 ’ c C se ’ 
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A C = 50, 000 pF, Rg = 20 ohm (Diode type D9G), Tmag = 5 microsec- 
onds. 

The duration of the leading edge of the clock pulse is 2 microseconds. 

The pee es oe ee ferrite core: By = 2,400 gauss, H, = 0.4 
oie! S= 122-1052 » Yay = 0.14 cm. 

. We determine pee = RgC = 1 microsecond. 
3 We assume that k=1.15. 
3. We determine 


Ti=V Pgh Tnagls ~ 9.05 


4. We find the number of turns: 


(Of 
Wo — i = 
4 BSTnag 
and take 40 turns. 
5. We determine 
19(£) w, = CU we — 2.4 
mag 


6. We determine the effective ampere-turns of the phase winding 
Fy ey @1 = fgg) Wi + 5 Her, y= 2.68 


7. Assuming that the number of turns on the phase winding is 1, we 


determine from (13) imax = 3.32 ampers. 
8. We determine the efficiency during charging from (9') as y = 0.7. 


BRIEF CONCLUSIONS 


1. The formulas here developed make possible engineering calcula- 
tions of high-efficiency ferrite-diode single-cycle core circuits. The re- 
sults of these calculations agree with experimental results within less than 


10%. 
2. In order that a high efficiency be obtained, it is desirable to make 


the switching time as long as possible. This reduces the requirements on 


the pulse generator. 
3. If semiconductor triodes are used in clock pulse generators, then 


the single-cycle ferrite-diode circuits may be used at frequencies up to 20 
keps. 


Article submitted to Editor on July 18, 1960 
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TRANSMISSION OF SINESQUARED PULSES 
THROUGH IDEAL LOW FREQUENCY FILTERS 


Kh. I. Cherne 


The problem of the reaction of an ideal low-frequency filter to sine- 
squared impulses is examined. 


Lately, sinesquared pulses have been used for experimental purposes 
in the television field. In connection with this, certain papers have appeared 
in the literature in which various aspects of the problems of using sine- 
squared pulses are examined: methods of forming such pulses, means of 
utilizing them, etc. (1-14). 

This paper will deal with the 
determination of the reaction of an 
f(t) ideal low-frequency filter to sine- 
squared pulses (Figure 1) of period 
To 


a 


aoe 
Such a pulse is described by 
the following equation: 


f(t) = Up sin? wot for 0<t <r (1) 


and 
i(t)s= 0 for. ti<.0.and.t Sea (2) 
where 
Qn fad 
Comat (3) 
0 An ideal low-frequency filter 
ht} eee) is, as is known, a linear four- 
; terminal network, having the follow- 
Figure 1 ing characteristic (15): 
h(o)=Ke'*® 
for 
— OC o<a, 
and 
h(w)=0 
for 
w <— a, and w > a. (7) 
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A television channel has a characteristic similar to the characteris- 
tic of a filter (Figure 2). 


|heu| hw) 


Figure 2 


Let us first of all find the equation for the complex spectral function 
¢() of the above-described sinesquared pulse. Let us make use for this of 


the well known formula (15) 


2 (0) = = f()e” dt. (8) 


Substituting into (8) the function f(t) from (1) and (2) and integrating 
between 0 and 7, we obtain 


—— Que Ure / wt 
2) Ss —— SIN =, (9) 
zw (402 — w2) 2 


Therefore, the reaction of the filter to each harmonic component 
will be 


wt * 
U, sin —— onl Peete 
(0) h(w)e dw=——__*_ x e Vein (10) 
ry (402 — wo?) 
where ceri 
bapa ae (11) 


1 


The reaction of the filter to all the components is equal to 
Ws (t= eal 
. sid 
T= 


(12) 


hr (9 =U, 


—w 
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or 


ro=v,] | sin cos (tf — +) ae 


w (405 — 02) 


Oe 


sin sin © yey Sa | 
w (403 — w2) 


—w, 


The second integral is equal to zero, since the function under the 
integral sign is odd. 
Hence, 
y hd ° 
sin ~O% cos o(¢ — th— =) 
f(j=2U, \} ————_——— 


dw. 
w (402 — w2) ) 


Expanding the fraction ee linto partial fractions, we obtain, 
w (4w§ - w*) 
after a few minor transformations 


fa (t) =q (a, — a, + as — a, + a; — aj), (15) 
where _ KUo 6 
aed on Y! (1 ) 
a, = [ BE ce, (17) 
0 
a,—{ sin w (¢ — ty — t) da, (18) 
* ® 
EP eal c sin w (ft — fo) 
a, = — i) ie do, (19) 
wee vd c Sin w (¢ — fo) 
a, 2 § Sua ite do, (20) 
i pained 
as = — | Sa a do, (21) 
_--) pisine (ites 
ag 9 § a dw, (22) 
0 


Let us examine the integrals (17)-(22). If we make the following 
substitutions 


i 
vith, (23) 


(24) 


we will obtain: 
a, = Si 27, 33, (25) 
A, = S12n74, (x — 1). (26) 


Each of the integrals (19) -(22) is of the form: 


d 
1 sin (ay +6 
Fp ee dy, (Pp —8, ANG 6) (27) 


in which the variable y and the constants a, b, c and d have different values 
in different integrals, that is: 
(a) In the integrals (19) and (20): 
a= ty = t (a) | 
b=20,(t—t) (b) 7; 28 
C= 20, (c) | Sa 
(b) In the integrals (19) and (22): 
JY = 20) — (aJ™)¢ 29 
d = 20, — o, (b) |; a 
(c) In the integrals (20) and (21): 
y= 20, a ®, (a) : (30) 
d = 2a, + ®, (b) 
(d) In the integrals (21) and (22): 
a=(t,—t+t (a) 
b = 2w, (t — tp — 2) (b) 
c= 20, (c) 


(31) 


In this manner, in order to obtain f,(t) the integral (27) must be 
taken, the constants a, b, c and d must be substituted by their values for 
various values of p and the relation obtained in this manner must be sub- 
stituted into (15). If this is done, and if equations (25) and (26) are made 
use of, the following is obtained: 


= 3, — [B, Ci2nz, —Ci2k(1 + 1) 22] _e , (32) 


where 
31 = Si2ny, x + Si 2rn, (1 — x) —[Si2e(1 + 7%) x — S12e(1 — m)x+ 


+ S12m (1+ 1,)(1 — x) — Si2x)] (1 — 4) (1 — 2) SS, (33) 
Bo = Ci 2x(1 + 71) 23 — Cl 2x2, (34) 

2;=|(1 — 11) xi, (35) 

2) = |xh (36) 

z,=|l =I, (37) 


Z4=((1— 1) (1 — x)l (38) 


These formulas may be used when ny #1, x #0 andx #1. 

Since the integrals (19) and (20) are equal to 0 if x = 0 while the 
integrals (21) and (22) are equal to 0 if x= 1, then we obtain from (15) 
that if x = 0 andifx=1 


57 


0 1504) = 21 ST ee este a @s 
q 


This formula may be used for all values of 1. 

The interesting practical case when ny = 1 remains to be examined. 
the corresponding sinesquared pulse has been called by some authors 
[3, 4, 10, 14] the T-impulse. 

The equation for the reaction of the ideal low-frequency filter to such 
an impulse may be obtained from (32) if 7, = 1 is substituted into this 
equation. In order to avoid the indeterminate 0 - 0, one must first sub- 
stitute for the cosines, whose arguments are made up of multipliers of the 
form (1 - 14), the everywhere converging series according to the formula 


. n+l zn 

Cas Coin on ca (40) 
n=1 
where C = 0.5772156.... is Euler's constant (16). 
If the above is done, we obtain forn; = 1 
fo( me cee [ia 22 + Cidez,-- Cli ez. sin 2nx 
q 23 2 
where 


cos 2rx 


By = Si 2nx + Si2n (1 — x) —[Si4nx + Si4n(1 — x)] = 


Formula (41) may be used for all values of x, except x = 0 andx=1. 
If my = 1 and x = 0 or if ny = 1 and x = 1, then we obtain from (41) 


AO) Sion — 2! 0675 
q 2 


In Figure 3 are plotted curves obtained from the above formulas, 
which show the output waveforms from an ideal low-frequency filter fed 


by sinesquared pulses of duration aly (Figure 1). 
The following may be concluded from an examination of these curves: 
1. As can be seen from (23), the point x = 4. on the abscissa corre- 


sponds to the instant of time t = 0. It can be seen from Figure 3 that, re- 
gardless of the time delay, to, the signal f,(t) appears at the output of the 
ideal filter at times previous tot = 0. The explanation and discussion of 
this phenomena, which comes directly from the theoretical analysis of the 
transmission of pulses through ideal transmission systems,, are already 
given in the literature [15, 17, 18]. 

2. The pulses at the output of an ideal low-frequency filter are sym- 
metrical with respect to a central axis. 

3. With an increase in 1, which corresponds to an increase in the 
border frequency w,, or to a decrease of the frequency wy (i.e., an in- 
crease of the duration of the pulse) the maximum amplitude of the pulses 
at the output of the filter increases. Investigations, which have been ex- 
cluded from this article due to a lack of space, have revealed the fact that 
the pulse with ny = 2 have the maximum amplitude at the output of the ideal 
filter’. 

4, When 1; is increased, the rise time of the pulses at the output of 
the filter decreases, as might be expected. At the same time, the period 
of the oscillating signal at the output of the filter decreases and the shape 
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of the output pulse approaches more and more the shape of the pulse at the 
input of the filter. 
In conclusion, the author wishes to express his gratitude to Professor 
A.F. Gavrilov and to the scientific collaborators of the Television Depart- 
ment at LEIS, V.I. Lisogurskiy and M.I. Lukin for their interest in this 
paper and for their advice, which was used during the writing of this paper 
and which lightened the task of solving the problem. 


Article submitted to Editor on May 16, 1960 
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TRANSIENT CHARACTERISTICS 
OF ELECTRICAL FILTERS 


OF THE POLYNOMIAL TYPE 


N.S. Kochanov 


A method of calculating the transfer functions of electrical filters is 
elucidated and suitable graphs for polynomial type filters are presented. 


INTRODUCTION 


In connection with the development of television, photo-telegraphy, 
high-speed telegraphy and of other branches of the field, the question of 
the distortion of the shape of pulses with steep leading edges as they are 
transmitted through certain electrical chains takes on a great significance. 
In part, the question of the distortion of pulses passing through electrical 
filters is of great interest. 

In the general case, the analysis of the transfer processes in electri- 
cal filters of high order is rather complicated. This problem is solved 
somewhat more easily for the case of polynomial filters [1] constructed on 
the basis of the polynomials of Chebyshev, Butterworth and Bessel, where 

‘the roots of the corresponding characteristic equations are known [2]. 
Hence, the transient characteristics of such filters may be determined by 
finding the corresponding exponential polynomials with the aid of the theorem 
of operational transform. 

However, even in this case the problem remains sufficiently difficult. 
Electronic computers are therefore used for the calculation of the transient 
characteristics of the indicated filters [3]. In the literature [3], graphs of 

_pulse transfer and transfer functions of polynomial filters of up to the 10-th 
order inclusive are given. However, the derivation of the methods of 
determining these characteristics is not included in it. Besides this, the 
results in the article [3] may not be used to determine the transient char- 
acteristics of filters which do not happen to be of the polynomial type. 

In the present work the transient characteristics of electrical filters 
are determined with the aid of recurrent formulas which may be formed 
from the roots of the characteristic equations as well as from their coeffi- 
cients (i.e., without determining the roots). The recurrent formulas that 
are obtained may be used in calculations of the transient characteristics of 
filters with splach atteruation at finite frequencies. 

It is only required that the corresponding initial conditions of the 


transient functions be determined. 
The method here described of determining the transfer processes with 
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the aid of an arithmometer and of a special ruler-stencil [4] is found to be 
quite convenient and may be used in solving complicated problems. 

In this article tables and graphs of the transient characteristics of 
electrical filters of the polynomial type, which are based on the performed 
calculations are constructed; these tables and graphs allow for the easy 
determination of the parameters of transfer processes, that is: the am- 
plitude of the outputs, the rise time, the time delay. The theorem of the 
change of scale must be used in the determination of the latter two para- 
meters. 

The graphs that are included may be used fairly easily to find the 
familiar transient characteristics of polynomial filters of a higher order 
than the ones for which the calculations had been performed. The possibility 
of the determination of such familiar relations is based on the easily deter- 
minable relations of the change of transient characteristics which are pre- 
sented in the graphs. 


METHOD OF DETERMINING THE TRANSIENT CHARACTERISTICS 
OF FILTERS 


The transfer function of an electrical filter of the polynomial type is 
in the form of a rational fraction 


K(p)= 


6 


a (1) 


p™ + ap") + ap" +... tn 


so that the impulse transfer function for the case of simple poles (1) may 
be written in the form 


flo Dicer, (2) 


k=l 
where p, are the roots of the characteristic equation 


| ap peas a nee ee ayy 1) (3) 

Usually, difficulties are encountered during the determination of the 
characteristics of the transfer processes when the roots of the equation (1) 
are calculated and when the coefficients C;, of formula (2) are determined. 
Besides this, it is required to calculate the value of the function of form (2) 
in order that the graphs may be constructed; this is also found to be a diffi- 
cult task. 

In connection with the noted conditions, let us investigate a different 
method of calculating the values (2), which method is based on the use of 
recurrent formulas. 

If the fraction (1), which describes the impulse transfer functions, is 
expanded in a series of decreasing powers of p, then we will obtain 


So S; So 
K(p)= — + — + —+ ... 
(?) pP Pp ps et 
Let us notice that the determination of the coefficients S, of this series 
is performed with the aid of the recurrent formula 


S, 
p’t} 


+... (4) 


y 


where So = S; = Se. --Sn-2 = 0 and Sy-1 = bp-4. 
The coefficients S, of the series (4) represent the values of the func- 
tion f(t) and its derivatives when t = 0, i.e. : 


Ss =— a,S\_, = a,50% a On Ome ’ (5) 
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w=1 
y=0, 1, 2, 3... 
, If p, is substituted by m, = ePKT in the relations (6), then we will 
obtain a group of equalities which describe the values of the function f (t) 
at the discrete times t= 0, T, 27, 37... 


SS Giger, (7) 


VO) 1, Bos 
It must be noted that when pv is negative, the equation (7) will give 
discrete values of the same function (2) for negative values of time. When 
the above mentioned substitution of p, by m, = ePKT is made, the charac- 
teristic equation (3), the coefficients of which are found in the following 
manner from its roots 


a, = —(p, + pz +... + p,) 
a, =(Pip2+ Pips +--+ Pr_y Pn) 8) 
a, =(— 1)" pipo--+ Pn 
is transformed into the relation 
m" — Aym"~" + Asma (1) AO) (9) 


the coefficients of which are of the form: 


A, =(m, + my +...+m,)= % e?* 
g=1 
A, = (mm, + myn, +... + m,_, m,) ae) 


A, =m,m,...m oe @ (Pitt s--+0,)¢ 
i ali 

Now, on the basis of equation (9) it is easy to write the recurrent 
formula for the calculation of the values of the function f(t) which corre- 
sponds to equal increments of the time t, in the form 

F (%) = Ai f[( —1) J — Ar S[ — 2) 2] +... + (—1)"* A, F [0 — 2) 2}, (11) 

fT = see 25 = 150, Ly ee 

The construction of this recurrent formula from the relation (9) is 
analogous to the construction of the formula (5) from the relation (3). In 
order to use the recurrent formula (11) for the calculation of the consec- 
utive values of the function f(t) from the preceeding, it is necessary to 
first calculate n initial conditions 


-F(—2%) F(— 1) FO FO; F(2)-.- 


These values may be calculated fairly simply with the aid of the 
series for f(t) 


po} f rh 
DOS, gee er +...+8, ers, (12) 
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which is obtained on the basis of (4) when the following formula of corre- 


spondence is used: 1 x 
pt eer e: 

If the roots of the characteristic equation are known, the coefficients 
of the recurrent formula (11) may be calculated with the help of formulas 
(10) or by a different method, which consists of the following: 

Let the roots of the characteristic equation be as follows: 


Or Po 3 = — %& £19... 


Then relation (9) may be written in the form: 
(m—e7*") - (m? — de cosuz- m+e")...=0. (13) 


After the multipliers which form (13) are multiplied out, we will 
obtain a relation of the form of (9), the coefficients of which will then be 
the coefficients of the sought after recurrent formula. This method is more 
convenient practially than the method based on the use of formulas (10), 
although both methods are basically similar. If the roots of the character- 
istic equation (3) are unknown, however, then one may recommend a spe- 
cial method for the calculation of the coefficients of the recurrent formula, 
which method guarantees as high an accuracy as is desired and is at the 
same time a sufficiently simple one. First, one may notice that the co- 
efficient A, of the recurrent formula (11) can be easily determined from 
the coefficient a, of the characteristic equation (3). Thus, we have on 
the basis of (8) and (10) 

A,=e *" (14) 


Besides this, one may determine on the basis of the first of the rela- 
tions (10) that the coefficient A; will be determined by the series 


y 


nee (15) 


which consists of the expansion of an exponential polynomial of form (2) 
when C, =1. 

In order to obtain this series, it is necessary to transform the 
fraction 


2 
A, (t) = 6) + 9,7 + oat... +s 


» vi 


np"! + (n—1)a,p"— 4... 44, 4 


A, (p)= mits tend ly ot na ae ae 
97+ ap" + app? 4...46, 11 p+ ae 


(16) 


: TV 
; p gaze! vo 
The denominator of the fraction (16) is equivalent to the polynomial in (1), 
while the nominator is the derivative of this polynomial. The relations (14) 
and (15) turn out to be the basic ones for the calculation of the coefficients 
of the recurrent formula by the proposed method. 
Then, the formulas for the calculation of the other coefficients may 

be presented in the following form 


A, = — [Al — A, (29) 


by negative powers of p and to perform the substitution 


2 


A, = = [A? (t) — 3A; (2) - A, (2t) + 2A, (3:)] (17) 


A, = 2 [AR(— 9) —Ay(— 20) A,_, =A,» Ar (—2) 
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Usually, in the calculations of the transfer processes with the help of 
the recurrent formulas, the step T is chosen to be sufficiently small. Hence, 
it is necessary to sum up only a small number of terms of the series (15) 
in order to obtain accurate values of the coefficients. Thus, one may cal- 
culate the impulse transfer function which is in the form of the fraction (1) 
by using the recurrent formula (11) and the initial values of the function, 
which are obtained with the help of the series (12). 

In order to calculate the transfer function of the filter, i.e., its re- 
action to a unit step input, one must integrate the previously obtained re- 
sult in the limits from zero tot. Hence, one must use the following series 
for the calculation of the initial values of the desired transfer function 


pet fad grt prt? 
ED eon tas, OOM AD Sata PEs (18) 
which series is obtained from the expansion of the fraction 


b 


F (p) = — (19) 


P[p" + ap" + ap"? +... 4+an) 
by negative powers p, with the consequent use of the known formula of 
correspondence. It is apparent that the coefficients of the series (18) and 
(12) are the same. 
The recurrent formula for this case may be found quite readily. The 
coefficients of this formula will be equal to the corresponding coefficients 
of the relation (9), multiplied by (m-1). In this manner, we will have 


‘2 


n+1+i 


=AtF § ASF +. (-1 At, FF, (20) 
aes Se Pe ie 


The discrete values of the transient characteristic of the electrical 
filter are then calculated with the help of this recurrent formula. It must 
also be noted that the transient characteristic of the electrical filter may 
also be determined from recurrent formula (11), if this calculation is made 

for the transfer portion of the transient characteristic. 


EXAMPLE OF THE DETERMINATION OF THE TRANSIENT 
CHARACTERISTIC OF A FILTER 


Let it be required to determine the transient characteristic of an 
electrical filter with the transfer function: 


1 


Let us first determine the coefficients of the recurrent formula of form 
(11) from the coefficients of the denominator of this fraction. Let us make 


use of the expansion 


3p2+ 4p +2 3 2 1 2 3 4 2 
ee OS ee er ee 
p3+ 2p? + 2p+1 (Dee ae? Fo) tah gS Ty 

From this we obtain <i igi: ? y “ ie 

PU Bie iP igeieartg el tare bray Meg 


Taking the interval r=0.5, we find with the help of this series 
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A, = 2.02039. 


Further, we obtain A; = 0.36788 from the formula (14) and A; = 1.46409 
from the last of the formulas (17). 
We obtain in this manner 


m3 - 2.02039 m? + 1.46409 m - 0.36788 = 0. 


Let us multiply this equation by (m-1) in order to obtain the coefficients 
of the recurrent formula. As a result, we obtain 


m! - 3.02039 m? + 3.48448 m2 - 1.83197 m + 0.36788 = 0. 


The recurrent formula for the determination of the desired transient 
characteristic of the filter follows from the above 


F4+j = 3.02039 F34j - 3.48448 F. 44+ 1.83197 Freic gc ir Hind 
De eh es eee 


Let us notice that exactly the same result is obtained if the coefficients 
are calculated from the roots of the characteristic equation. 

In order to obtain the initial conditions of the transient function, let 
us expand its form 


F a ET PRE EES Ee 
(Tip eae ell 


in a series by negative powers of p. As a result, we obtain 


We obtain the following power series from the above: 


8 Fal dy fs ieee yes rm 
Os arom? tgdihhy sind oul 0! 
with the help of which the initial conditions of F(t) that are necessary for 
further calculations are determined: 


F_1 = F(_o5) - 0.02658; Fy = 0, Fy = F(q5) = 0.01612; Fp = Fy) = 0.09861. 


Now, it is easy to determine the entire transient characteristic of the 
filter with the help of the obtained recurrent formula. These calculations 
may be suitably performed with the help of an arithmometer, since a high 
accuracy is thereby possible and the calculations can be performed quickly. 
As it is known, the arithmometer may be used to calculate algebraic sums 
without writing down the intermediate sums. 


TRANSIENT CHARACTERISTICS OF ELECTRICAL FILTERS 
OF THE POLYNOMIAL TYPE 


On the basis of the described method of determining the transfer 
functions in the form of rational fractions, calculations of the transient 
characteristics of electrical filters of the polynomial type are performed. 
The corresponding recurrent formulas and initial values of the function are 
included in the supplement. 

On Figure 1 are plotted the transient characteristics of filters con- 
structed on the basis of Chebyshev polynomials with a non-symmetrical 
frequency-attenuation characteristic in the bandwidth of the filters, Ab = 
= 1ldb (0.115 nepers). These transients have significant overshoots, the 
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amplitude of which grows with an increase in the order n of the filter. 
Along with this, the character of the change in the transfer function in the 
case of even and odd n is somewhat different. Thus, for odd n, the value of 
the function at t ~o is equal to 1, while it is equal to 0.891 in the case of 
evenn. This fact is conditioned by the choice of the multiplier by-, in 
formula (1), the value of which coincides with the value of the coefficient 
ay Of the denominator for odd values of n, while it is equal to 0.891 ay for 
the case of even n (3). 

In the case of filters with Chebyshev characteristics, the normaliza- 
tion of the frequency functions is performed with respect to the corner fre- 
quency of the bandwidth which in the present case corresponds to an attenua- 
tion of b = 1 db. If it is now desirable to determine the transient character- 
istic of a filter constructed with a bandwidth from 0 to wo, then it is neces- 
sary to divide the value of the time, which appears on the abscissa, by wy. 


a) BERERUS DER 
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Figure 2 shows a family of transient characteristics of filters con- 
structed on the basis of Butterworth polynomials. One must remark here 
that the normalization of the frequency characteristics of these filters is 
performed with respect to the frequency which corresponds to an attenuation 
of 3 db (0.345 nepers). Hence, it is also required, as in the previous case, 
to divide the value of the time which appears on the abscissa by wy during 
the calculation of the transient response of the filter with a bandwidth from 
0 to wy (we corresponds to an attenuation of 3 db). 

Another type of normalization is performed on filters with a maxi- 
mally flat group time characteristic, constructed on the basis of Bessel 
polynomials. In this case, the transient characteristics are normalized 
in such a way that the maximum slope of the filter characteristics with 
n—o occurs at the point t = 1 on the time axis. 

The transient characteristics of the latter filters are shown in Fig- 
ure 3. A special characteristic of the transfer functions of filters with a 
maximally flat group time characteristic is their similarity. 


DETERMINATION OF THE TRANSIENT RESPONSE OF FILTERS 


The polynomial low-frequency filters investigated above exhibit an 
infinite attenuation only when woo. However, it is also possible to con- 
struct such filters so that their attenuation will become infinite at a finite 
frequency. In these cases, the transfer functions will be of the form 


(p? + 1) (p2 + #3)...(p2 + #2) 


p+ ap"! + arp" +... +a, 


K(p)= (21) 


If the denominators of these fractions turn out to be the same as pre- 
viously, then the transfer functions may be determined with the help of the 
same recurrent formulas. In this manner, it is necessary only to calculate 
the new initial values which correspond to the new transient characteristic 
in order to determine the transient characteristics of the indicated filters. 
It is necessary to expand the fraction (21) into a series in negative powers 
of p and to make use of the known formula of correspondence. The initial 
values of the transient function which are necessary for further calculations 
are then obtained with the help of the obtained series for F(t). 


Article submitted to Editor on June 13, 1960 
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SUPPLEMENT 
COMBINED TABLES FOR POLYNOMIAL ELECTRICAL FILTERS 


A. Filters With Chebyshev Characteristics 


I. The coefficients of the polynomial V(p) =p™+ayp®-!+a,p9-2+ ...+a, 


1=2 = n=4 n=5 n=6 
2, 1.097734 0,988341 0.952811 0.936820 0.928251 
a 1,102510 1.238409 1,453925 1.688816 1.930825 
a3 = 0.491307 0.742619 0.974396 1.202140 
a — _ 0.275628 0580534 0.939345 
as _ os — 0.122827 0.307081 
a or a — = 0.068907 
Il. The zeros of the polynomial. 

—0. 548867 —0,494171 — 0,139536 —0, 289493 —0,062181 

+ 10.895129 +10, 983379 +10,993411 

—0, 247085 —0, 336870 —0, 089458 —0, 169882 

~ 10, 965999 + 10,407329 +10, 990107 +10, 727227 

—0, 234205 —0, 232063 

= 10,611920 4-10, 266184 

Il. The coefficients of the recurrent formula (20)* (7 = 1) 
AY 1.72246 3.346539 3.275242 4.047114 4 822676 
AS 105609 4.350357 4805588 7.529466 10.855204 
AS 033626 2.613894 4,013707 8.260867 14,752803 
AS — 0.610076 1,869015 5 582922 12.997039 
AS — - 0.385654 2.196278 7.400433 
Ag — _ — 0,391871 2.518914 
AS _ -- _ — 0395245 
IV. Initial values of the transfer function F(t),* (7 = 1) 

Pon _ _ -- — 0.0722099 
Fie = = 0.208059 —0.039510 00063702 
ie 0.66461 —0.011456 0.011943 —0.001160 0.0000947 
Fe 0.00000 0.000000 0.000000 0.000000 00000000 
Fi 3.32313 0.008948 0.008154 0.000848 0.0000726 
& = 0061230 0096787 0.021083 00037375 
F3 _ = _ 0, 116142 00322432 


*Footnote. In the given tables, when n = 3 the step 7 is taken as 0.5. 


B. Filters with Butterworth Characteristics 
I. The coefficients of the polynomial V(p)=p"+a,;p"-1+ agp®-*+ ...+an 


i io n=4 ec n=6 
14 2,000000 2.613126 3.236068 3.863703 
2 090000 2000000 3.414214 5236068 7.464102 
% ee 1.000000 2.613126 5.236068 9'141620 
: = = 1.000000 3.236068 7.464102 
i me: aa “aa 1000000 3.863703 
pl = re as S 1000000 

Il. Zeros of the polynomial 

7 —1.000000 —0.382683 —1,000000 —0,258819 
OLs0n107 + 10.923879 +10,965926 
ee —0.500000 —0.923879 = 9.300017 —0-707107 
} 6602. : 6 +10. +10.707107 
SRA al iis tl Toe ~ 9.809017 0.965926 
+ 10.587785 +10.258819 
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Ill. Coefficients of the recurrent formula (20) (7 —10 5) 


A} 2. 31759 3. 02039 3.71564 4.40592 5.09733 
AS 1, 81066 3.48448 5, 62375 8.22749 11. 30962 
A3 0. 49307 1.83197 4.33880 8.33175 14. 14718 
Ay = 0.36788 1.70144 4,81700 10. 76082 
A; — _ 0.27075 1.50512 4.97086 
AS ~ — — 0.19829 1, 28981 
A; — = = — 0. 14488 
IV. Initial values of the transfer function F(t) (tT = 0.5) 
Fl _ a — — 0. 0347529 
fis — = 0.06873 —0. 01400 0. 0023679 
Fy — —0.02658 0.00336 —0. 00034 0. 0000283 
Fo 0, 00000 0.00000 0.00000 0.00000 00000000 
Fy 0.09812 0.01612 0.00199 0.00020 0. 0000164 
Fy 0.30485 0.09861 0.02414 0. 00476 0. 0007843 
F3 = = ~ 0.02683 0, 0066170 


C. Filters With a Maximally Flat Characteristic 
I. Coefficients of the polynomial V(p) =p®+ayp"-!+agp4-?+ ...+ay 


a=2 n=3 n=4 io no 
a, 3 6 10 15 21 
my 3 15 45 105 210 
as ae 15 105 420 1260 
a = = 105 945 4725 
a; = om — 945 10395 
a5 — — — — 10395 
Il. Zeros of the polynomial 
—1, 500000 —2.322185 —2.896211 —3. 646739 —4 248359 
+ 1.0866025 +10. 367234 +10, 867510 
—1. 838907 —2. 103789 —3.351956 —3.735708 
+11,754381 +12. 657418 +11.742661 +1 2.626272 
—2. 324674 —2,515932 
+13.571023 +14, 492673 
Ill. Coefficients of the recurrent formula (20) (7 = 0.1) 
Ay 2.7150 3.43138 4,05515 4, 58832 5.03298 
AS 2. 4558 4.42269 6.60422 8.82980 10, 95794 
AS 0.7408 2,54012 5.40446 9. 13037 13.39051 
AA _ 0.54881 2.22327 5.35227 9.92084 
Az _ - 0.36788 1.68650 4.45579 
Ag - — — 0.22313 1, 12296 
Aj — — — _ 0. 12246 
IV. Initial values of the transfer function F(t), (7 = 0.1) 
ie — _ — — 0.02503117 
F_» = = 0.010370 —0. 004110 0.00165862 
F_, 0, 01658 —0.00290 0.000533 —0. 000101 0.00001941 
Fo 0. 00000 0.00000 0.000000 0.000000 0.00000000 
Fi 0.01357 0.00215 0. 000358 0.000061 000001065 
Fo = 0.01477 0.004660 0.001512 0. 00049957 
A ae ew a 0. 908828 0.00413777 


Footnote, Tables I-I[ are borrowed from [2], I-IV have been calculated 
by the author. 
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BRIEF COMMUNICATIONS 


AUTOMATIC ANSWERER FROM FERRITE CORES 
WITH RECTANGULAR HYSTERESIS LOOPS 
FOR ELECTRONIC TELEGRAPHIC APPARATUS 


N.F. Knyazeva 


Automatic answerers must be provided in subscriber telegraphy and 
in systems with direct connection of the telegraphic apparatus. When con- 
tacted, the automatic answerers automatically deliver a text prepared be- 
forehand, consisting of brief information about the answering subscriber. 

It is desirable that the unit, which stores the information of the 
answer, be uncomplicated andthat, in case itisnecessary, it enables the text 
of the answer to be readily changed through a series of simple manipula- 
tions. In mechanical automatic answerers, which are used at the present 
time, the storage device consists of combinatorial combs arranged on the 
axis of the automatic answerer. The text of the answer may be simply 
changed by switching combs. Consequentially, the automatic answer is 
delivered into the line by way of the transmission of coded combinations 
from the distributing unit. 

If the delivering part of the telegraphic apparatus does not possess a 
unit for the simultaneous fixation of all 5 transmissions of the coded com- 
binations, then the distributor of the automatic answerer must provide for 
the consecutive transmission of each coded transmission. (It is not rational 
to store the starting and stopping coded transmissions in the automatic 
answerer; correcting transmissions are usually formed by the communicator 
of the apparatus). In the case of the simultaneous fixation in the delivering 
part of the telegraphic apparatus of all five coded combinations, the distri- 
butor of the automatic answerer must provide for the orderly transmission 
of each symbol. 

The mechanical automatic answerer is inconvenient from the stand- 
point of its complicated construction, the possiblity of wearing out of parts 
and its large size. Besides this, at the present time electronic telegraphic 
apparatus with a minimum of mechanical parts is being designed in the 
USSR as well as abroad [1]. Hence, it is more expedient to use electronic 
equipment for the automatic answering service as well. 

In Figure 1 a block diagram of one of the possible versions of an 
electronic automatic answerer is presented. The automatic answerer is 
composed of the following main units: 1) the long-time memory unit 
(LTMU); 2) the distributor; 3) distributor control unit (DCU); 4) the 
input unit; 5) halting unit (HU). 

The transmission register, represented in Figure 1, is part of the 
transmission apparatus. It is impractical to use an independent transmitter 
in the automatic answerer. The long-time memory unit must store the in- 
formation in the answer for as long as is wanted and if necessary, enable 
the changing of this information by simple switching of electrical contacts. 
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The existing standard is that the text may contain up to 20 symbols, includ- 
ing the change in the registers and the spaces between words. The LTMU 
must accordingly be designed for the storage of any 20 five-symbol com- 
binations . 

The distributor of the automatic answerer guarantees for the orderly 
transmission of the symbols in the answer from the LTMU. In the case of 
the simultaneous fixation of five coded transmission blocks in the transmis- 
sion register, the distributor has 20 outputs by which the pulses are trans- 
mitted to the LTMU as the symbols of the answer are transmitted. 

Each consecutive symbol must be transmitted at the conclusion of the 
previous transmission. This is accomplished by the distributor control 
unit. The input unit is used for turning the automatic answerer on upon the 
reception of the signal ''who is there?' from the receiver. The halting unit 
is designed for the return of the system to its normal initial state upon the 
completion of the transmission of the message. 

In principle, all the blocks of the schematic may be constructed from 
any devices with two stable states of equilibrium. 

As a rule, the known types of electronic telegraphic apparatus are 
constructed from semiconductor devices and ferrite cores with rectangular 
hysteresis loops (RHL) [2]. Hence, it is found expedient to construct the 
automatic answerer from these elements. 

In Figures 2 and 3 the chief schematic diagrams of two types of the 
main unit in the automatic answerer are represented: the long-time memory 
unit, with the distributor. The units are constructed using ferrite cores 
with RHL (from here on we will call these toroids), which are switched 
according to single-cycle ferrite-diode schemes by a switching triode. The 
circuits permit the transmission of the entire combination of symbols si- 
multaneously from the LTMU to the transmission register. The 20 output 
distributor is constructed from toroids T,-T 9) and is in the form of a shift 
register, in which but a single bit is shifted upon the transmission of the 
combinations of the message. In the circuit of Figure 2, each output from 
any of the toroids of the distributor may be interconnected with the capa- 
citors Ci-Cs; by means of a commutation panel and steering diodes. The 
capacitors guarantee the consequent switching of the toroids in the trans- 
mission register of the telegraphic apparatus. 
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From the clock pulse generator 
of the telegraphic apparatus 


from the transmitter 


of the apparatus 
from the receiver 
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to the start-stop 
2 unit of the apparatus 


to the LTMU 
Figure 4 


By interconnecting certain of the capacitors (C,-C;) with the toroid of 
the distributor on the commutation panel, one may form any desirable coded 
combination from the toroids of the transmission register. As an example, 
the transmission of the coded combination as the first symbol of the mes- 
sage is indicated in Figure 2. When the first toroid T, becomes magnetized, 
the capacitance in the cirucit connecting this toroid with the following one 
and the capacitors C;, C3 and C; become charged. Once the capacitors C,, 
C3 and C; discharge, the magnetization of the corresponding toroids of the 
transmission register will be accomplished. A disadvantage of the LTMU 
described above is the need of a large number of diodes for steering the 
output signals from the distributor: 100 diodes are required for 20 symbols; 
on the other hand, the described unit is distinguished by the simplicity of 
the logic circuit. 

In the circuit of Figure 3, the principle of coding the symbols of the 
message by the binary pyramid is utilized. This principle is realized in 
the following manner, 

The information passes from the toroids T]-Ty into the transmission 
register (for simplicity, these toroids are drawn on the figure in the form 
of circles). 

The windings of the toroids T]-Tpy form one binary pyramid, while 
the toroids Try-Ty form another. The first binary pyramid has M, = 23 = 
= 8 outputs, while the second has M2 = 2? = 4 outputs. It is possible to form 
32 combinations from these two pyramids 


M = MiM, = 8-4 = 32 


Two pyramids are used, since in the case of one five-stage pyramid 
16 windings would have to be wound on the fifth core, which is of course 
practically impossible. 

During the magnetization of any one toroid in the distributor (Figure 3) 
three capacitors become charged: the capacitance C in the interconnection 
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between the toroids of the distributor, one of the capacitors which switches 

the toroids of the first pyramid and one of the capacitors which switches 

the toroids of the second pyramid. For instance, the first distributor 

toroid T], charges the capacitors C3; and Ci,, as well as the interconnecting 
capacitor C; correspondingly, the toroids Tz, Ty and Ty will be switched, 
ae the combination + - + - + will be written into the transmission regis- 
er. 

This circuit is more economical than the previous one. 

After a certain interval of time, governed by the speed of telegraphy, 
the coded combination, which is written in the transmission register, will 
be transmitted into the line. After this, a signal must be sent from the 
next output of the distributor to the LTMU, and the next coded combination 
must be written into the transmission register. The distributor control 
unit has the function of controlling the speed of operation of the distributor, 
depending upon the speed of telegraphy. In Figure 4, the logic circuit of 
this unit, the input unit, the halting unit and the distributor are indicated; 
the cirucit is constructed from ferrite cores with RHL.° An input clock 
pulse generator constructed from ferrite torroids is always used in elec- 
tronic telegraphic apparatus, which generator determines the speed of 
telegraphy. This generator may be used in the distributor control unit. 

In the cirucit of Figure 4, the cycle chains of toroids Ty and Ty are 
connected with the clock pulse generator of the telegraphic apparatus. The 
circuit operates in the following manner. As the coded combination 'who 
is there ?' is received from the line by the input unit of the automatic 
answerer, a signal is formed by the decoder of the receiving unit of the 
telegraphic apparatus. The receiver in the unit is so designed that when 
the button "who is there?" on the transmitter is pressed, the signal does 
not appear in the automatic answerer. As the signal is sent along the input 
line 1, a one is written into the first distributor toroid T, and into the dy- 
namic trigger which is made up of toroid Tj. There it is regenerated at the 
pulse repetition rate of the clock pulse generator of the telegraphic appara- 
tus during the entire time of the transmission of the message. The one is 
sent from the dynamic trigger to the toroid T); the latter switches the block- 
ing generator (GB) of the automatic answerer, which feeds the cycle wind- 
ings of the distributor toroids. 

In the first cycle of the BG the one from the first toroid of the distri- 
butor will be written into the second one. As a result, a signal will be 
transmitted from the first output of the distributor into the LTMU, from 
which the coded combination of the first symbol of the message will be 
written into the transmission register of the unit. 

An inhibiting signal is sent from the generator of ones (G), which is 
also fed by the BG, to toroid Ty. This prevents the BG from being turned 
on a second time. Besides this, this same pulse serves to switch on the 
start-stop unit of the telegraphic apparatus by menas of line 2. The trans- 
mission of the first symbol of the message, stored in the transmission 
register of the telegraphic apparatus, begins. Inhibiting pulses from the 
transmitter are sent via line 3 during the entire time during which the 
symbol is transmitted to toroid Tjj. These pulses prevent the premature 
switching of the BG of the automatic answerer. The pulses via line 3 are 
discontinued upon the termination of the transmission of the symbol by a 
signal from toroid Tq. A signal is sent from the second output of the dis- 
tributor ot the LTMU, and upon the transmission of the second and of sub- 
sequent symbols the circuit operates in an analogous manner. Upon the 
completion of the transmission of the test, a pulse sent along line 4 from 
the last toroid of the distributor inhibits the operation of the dynamic 
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trigger T;. The circuit returns to its initial condtion. The realization of 
the unit according to the logic circuit described here does not lead to dif- 
ficulties. ' 

The circuits of the automatic answerers described here have been 
tested at the electronic laboratory in MEIS. The results of these tests 
indicated a high reliability of these units. 


July 18, 1960 
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ON THE ANALYSIS OF AN ELECTRICAL SEPARATION CIRCUIT 


S.L. Fridman 


The bridge circuit (Figure 1) proposed by E.V. Zelyakh in 1932 has 
been utilized as a measuring device, as 
well as a differentiating system [1] and 
in schemes of combining power from 
radiotransmitters [2, 3]. H 

However, the analysis of this cir- 
cuit has been described to a small ex- 
tent in the literature. 

The present article has as its goal 
the indication of the conditions under 
which certain branches are independent 
of each other, the indications of the for- 
mulas for the determination of the input 
resistance of the circuit at its various 
terminals, and the deductions concern- 
ing the unbalancing of the circuit. 

Knowledge of the last factors is 
necessary for the proper choice of the 
balancing resistance, for matching 
transmitters with the circuit and for 
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other practical uses of the circuit, such as for the combing power from 
transmitters. 


CONDITIONS UNDER WHICH THE RESISTANCES OF "EVEN" DIAGONALS 
ARE INDEPENDENT OF EACH OTHER 


Let us agree to call the diagonals Za and Zp, as well as Zp and Zc 
(Figure 1) correspondingly "even", in distinction with the other combinations 
of two diagonals (such as ZA and Zp, Zc and Zp etc...) which we will call 
"odd" 3 

For the analysis of the conditions under which the resistances of the 
"even" diagonals Z, and Zp are independent of each other (for instance, 
the independent operation of two radiotransmitters in systems in which 
their powers are combined), the cirucit may be drawn as in Figure 2. 

In order that this interconnection of four-terminal networks be [4], 
let us take 


Zi = Zs, Zo = Ze, Z3 = Zz, Z4 = Ze. (1) 


The matrix of such a four-terminal network is found by summing up 
the matrices of the component four-terminal networks. 


NM?) 
erties Apes 
[eas] 


The matrix ly (1 ) of the four-terminal network No. 1 has the form [4], 


Z 
(1)] = ———————_ * 
ly ] Y3 + Y4 + 2Y 


YoY 
“(2 +y.) me 


2\2 4 (2) 
Ys¥a _ Ys. ie. 1 Ye) 
4 2°y 2 


The matrix [y (2)] of the four-terminal network No. 2, once the 
crossing of the ends is taken into account, takes the form 


a 


2 


(3)) Sp Siaeet cee 

bed Bess PEC SETS 8 

Yi/ Ye ) MiYo 

sles Pe 4 (3) 
YiYo Ste Y») ’ 

rs bai hg Sa 


where Y, ape 
Setting the element y2; of the total matrix to zero, we obtain the con- 

dition for balance 
Viz Y3¥5 


tO ee Se (4) 
Yi+%o+2Y, ¥3+¥44+ 2Y¢ 


Subsequently, let us assume that the circuit has equal impedances, 


Yp=Yo=. o = YS =V= (5) 


us 
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Then, the condition for equilibrium will be reduced to the relation 
+ ee Ae (6) 


Apparently, when this condition is satisfied, the branches ZA and Zp 
become independent of each other (for instance, two simultaneously oper- 
ating generators). 

The matrix [y] of the circuit balanced in such a manner has the form 

1 
ly]= 2¥4¥,) ” 
(%o+Y)Y 0 
c 0 SOV YYY|" 2 


Let us present the circuit of Figure 3 in order to analyze the condi- 
tions under which the other pair of branches is independent. 

With the help of this circuit, we will find in the same way as before 
that the condition for the electrical isolation of the branches ZB and Zc is 


ZA = Zp. (8) 


THE INPUT RESISTANCE OF THE CIRCUIT FROM THE SIDE 
OF THE DIAGONALS 


In order to match the generators with the circuit, as for instance in 
the system of combining the power of transmitters, it is necessary to know 
the value of the input resistance of the circuit from the side of its diagonals. 
Let us determine these values for the balanced circuit of Figure 1. 

Let us begin with the input resistance of the circuit at the terminals 
1-1 (Figure 2). 

It follows from formula (9) for the input resistance of the four-ter- 
minal network 

YoZp—1 


Zo = —__—_— 9 
% Iyi Zp — Yu ©) 


that the input resistance for the balanced circuit is 


| 
Zin'= 5. (10) 
wa 


£4/2 


Figure 5 


After the substitution it is found that the desired input resistance is 


equal to 07 (2 +2.) 


Se (11) 
i et IZ +2, 


Z 
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The two terminal network indicated in Figure 4 has the equivalent 
impedance. 

The input impedance of the circuit at terminals 2-2, as can be easily 
seen from Figure 2, is also equal to the value Zjnj-1. 

Similarly, the input impedance of the circuit at terminals 3-3 and 4-4 
(Figure 3) is equal to 
elated (12) 


Zin 3-3 = Zin 44 = Z+Z 
a 


The impedance of the two-terminal network indicated in Figure 5 has 
the same value of impedance. 

The equality of the input impedances from the side of the "even" dia- 
gonals indicates that, in the utilization of the circuit, for instance, for 
combining the power from several generators, the latter will be found to 
have equal loads, which factor distinguishes this circuit favorably from 
other circuits for combination of powers (for instance, from the ordinary 
bridge) [3]. 


ON THE UNBALANCING OF THE CIRCUIT 


Let us examine the influence of small changes in the impedance of the 
diagonals in the examined balanced circuit on its operation. When the cir- 
cuit is used for the measurement of the impedance Z, (Figure 6) we are 
interested in the increase of the voltage on the indicator as a function of the 
change in the magnitude of the variable impedance Zp. 

The corresponding value is called the voltage sensitivity in nulling 
electrical measuring devices. 

Sie (13) 


S ‘ 
dZy 


u 


The voltage sensitivity of the circuit of Figure 6 may be expressed by 
the formula [4] 


Ky) Kol 


Syne 


y (1) (2) 


ss Gi ae 8 Wl hee 


oe 


x (Yn yi yy)” Sey 


where I is the input current from the generator, and YA and Yp are the 
admittance of the generator and of the indicator. 

The value k, is equal to j 
es © 
| Ky Tl (15) 
where I) and U, are the corresponding current in the variable branch Z and 
the voltage at the input of the four-terminal network No. 2, taken with the 
output short-circuited (Figure 7). 

It follows from Figure 7 that 


YY 


=U 04 Ye (16) 


where 


ab dG : 
= =—_ all = 
iz ate 
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It follows that 


pte 17 
~ 20 + Yo)" aD 


The value of ky is found from the formula. 


Ki 


Ky= 2, (18) 


Eo 
where jz is the circuit parameter of the four- 
terminal network No. 2 (Figure 6) when the 
input voltage Ey is included in the regulating branch Z, (Figure 8). 
The circuit parameter j», will be equal to 


Figure 7 


qc Eo¥ Yo (19) 
ee (iY) 
and, consequently 
pet By ons (20) 
2(¥ +¥o) 


Substituting the determined values of the terms into the formula (14) 
and noting the condition for equilibrium 
(7), we obtain the voltage sensitivity of 
the circuit to a change in the impedance 
Zo Zz Zz 
beatae 


2 SS SS Se 
*™ [2¥, V+Y%) HY VY + 2 0).x 


it sie £8 ee (21) Ze 
x (2% pW + Yo) + Y(¥ + 2Y¥o)] 


The last formula is of interest and E 
can be used in the circuit in which powers 
of generators Za and Zp, with a load Zx 
are combined, where the value Sy may WA 
describe the amount of dependence of the 
two generators which arises as a result 


of a drift of the impedance of the load Figure 8 
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feeder Z, from the given value of balancing impedance Zp. 
In conclusion, the author wishes to express his gratitude to Professor 
E.V. Zelyakh for his valuable advice and help. 


September 28, 1960 
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NEW THEORY ON FOUR-TERMINAL BRIDGE NETWORKS 


F. Riger 


The following well-known theory holds for symmetrical and passive 
four-terminal bridge networks: 


"If the impedances (or their reciprocals) in all the branches of a 
bridge (passive and symmetrical four-terminal network, Figures 1 and 2) 


are all decreased to the same value Z (or >) then the electrical properties 
of the indicated four-terminal network are unchanged, provided that imped- 


§ ‘ 1 
ances equal in magnitude to Z (or z ) are connected at the input and output, 
as shown in Figure 3 (or 4)." 


Figure 2 
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Figure 3 Figure 4 


This theorem is found useful in many cases when it is necessary to 
for instance, find a new simpler circuit than the previous one. The author 
has found a new theorem, namely: 

"The electrical properties of a bridge (passive and symmetrical four- 
terminal networks, Figure 5) do not change, if the same four-terminal 
network [A] is removed from all its branches and is connected at the input 
and output of the above four-terminal network, as shown in Figure 6." 

This new theorem contains within itself, as a special case, the above- 
mentioned general theorem about the change in impedance or its reciprocal. 
In addition, the theorem permits a change to be made in the bridge four- 
terminal network even in those cases when a decrease in the impedance or 
its reciprocal does not lead to the desired goal. 

For instance, we cannot remove from the branches of the four-ter- 
minal network of Figure 7 neither an impedance nor its reciprocal. With 
the help of the new theorem, however, the possiblity of removing from all 


Figure 6 


the branches the same four-terminal network, as shown on Figure 7, be- 

comes apparent. As a result of such a transformation, we obtained a 

simpler four-terminal network, the circuit of which is shown on Figure 8. 
The proof of the new theorem is very simple, namely: the matrices 

of the four-terminal networks shown in Figures 5 and 6 have the correspond- 

ing forms: 


|| Au Ate 1 
| Ao, Ax Z—2 
| Zi+Z2 22,22 || | dues 
2 Z2+2; Il i Ay Ay II () 


Figure 7 Figure 8 
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ZeAZ NOR IZ Zs 


(2) 


Sak a2, 


the following relationship holds between the elements of these matrices, 
according to Figures 9 and 10: 
Zi e Ay Z) + Aig 
Ag Z; + Ase 


Z, — AnZ2+ Ap 
Ag Z2+ An’ 


where Z, and Z, are the input impedances of the corresponding four-termi- 
nal networks. 

It follows from a comparison of the matrices (1) and (2) after their 
transformation that they are equal to each other, which serves as a proof 
of the new theorem. 


FROM FOREIGN JOURNALS 


TUNNEL DIODES 


The tunnel diode is a new semiconductor device. The physical prin- 
ciples of its operation differ from the principles of operation of well-known 
semiconductor devices and vacuum tubes. The processes in the usual am- 
plification devices, such as electron tubes and semiconductor triodes, are 
essentially determined by the emission of the charge carriers into the re- 
gion in which their movement is determined by the signal electrode. Later, 
these carriers are gathered by the collector electrode. The speed of the 
described process is limited by the time which is required for the passage 
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of the charge carrier through the re- 
gion of interaction between the emitter 
and collector electrodes. This length 
of time is relatively long in comparison 
with, for example, the time of passage 
of an electron through the same dis- 
tance in a copper conductor. 

A signal is transmitted through 
a cooper conductor as a consequence 
of the action of an electric field on all 
the electrons, instead of on individual 
groups of electrons. In addition, each 
Q) 02 03 04 05 Q6u,v electron moves a very insignificant 

distance. Hence the electron, which 

is under the influence of the signal and 

appears at the input is not at all the 

one which appears at the output. The 

signal in the tunnel diode is transmitted 
with the same speed as in copper conductors, hence the tunnel diode has a 
short switching time. 

A singularity of the tunnel diode is that it possesses a negative resis- 
tance on a portion of its volt-ampere characteristics (see figure). On the 
portion with a negative resistance an increase in the potential results in a 
decrease in the current. Such an action of the tunnel diode is explained by 
the physical nature of the processes which result in a negative resistance. 

Basically the action of the tunnel diode comes about as a result of the 
so-called tunneling effect, which consists of the fact that the particle, which 
moves according to the laws of quantum mechanics, may disappear from 
one side of a barrier and instantly appear on the other side of the barrier, 
although the particle does not possess enough energy to cross the barrier. 
As a result the conditions for negative resistance are created. 

A comparison of the chief parameters of the tunnel diode with the 
parameters of other devices is given in the table. 

It can be seen from this table that only in the field of the noise factor 
is the tunnel diode inferior to parametric devices and masers. However, if 
one takes into account the fact that tunnel diodes operate without batteries 
while parametric amplifiers and masers require additional radiofrequency 
power sources, or cooling and magnets, then the tunnel diodes may be placed 
in first place regardless of the noise factors. An important characteristic 
of tunnel diodes is, in addition, the very small dependence of its parameters 
on temperature over a wide range of temperature changes. They can operate 


, Used power, |Noise tempera- 


WEKIce  Guccere. meats ohtiea ED Auoec 
Parametric amplifier......... 
Traveling wave tube.......... 
Klystron! 247.4. Pare Aen. 
Magnetron, 207 Qua Eile asia ke 
Vacuum tubes tai iis.sm nee e. eee ae 


oe ene fae, "wee 


OFS... s enema. emeee 0.00001 


100-300 
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regularly at temperatures from room temperature to 600 degrees Fahren- 
heit, i.e., temperatures at which no other electron device works at. 

The low dependence of the tunnel diode on temperature changes makes 
it irreplacable for uses in radio-electronic apparatus in satellites and 
guided missiles. 

General Electric Research Laboratory. 


PAVEL VASILYEVICH SHMAKOV 


It is now 75 years since the birth of the pioneer of Soviet television, 
the prominent scientist and technician Pavel Vasilievich Shmakov. 

The fundamental steps of the growth of the fatherland's television are 
tightly bound with the name P.V. Shmakov. In 1931, the first transmissions 
by television at medium frequencies were organized and made possible 
through the help of P.V. Shmakov; at that time he conducted experiments 
for the use of television in Ocean depths. 

Professor P.V. Shmakov is the inventor of one of the most effective 
transmission television tubes, which type is used to this day. Under his 
initiative and leadership the first Department of Television originated at 
the Leningrad Electrotechnical Institute of Communication. Hundreds of 
engineers and tens of scientific workers are trained here. 

In October 1955, at LEIS, under the leadership of Professor P.V. 
Shmakov, the first demonstrations of Color Television, as it is used today 
in the USSR, was conducted in this country. More than 150 scientific works 
‘and inventions — such is the output of the jubileer. 

At the present time, P.V. Shmakov, who finds himself in the flower- 
ing of his working power, fruitfully works on a number of important prob- 

‘lems in the television field. 

The scientific-technical society notes this fine anniversary of the old 
Soviet scientist and wishes to Pavel Vasilyevich Shmakov many years of 
life and further productive successes. 
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VLADIMIR NIKOLAYEVICH LISTOV 


Sixty years have passed since the birthday of the prominent scientist 
and technician of the RSFSR, doctor of technical sciences, professor V.N. 
Listov. 

Professor Vladimir Nikolayevich Listov is known in our country as 
one of the creators of the fatherland's techniques on frequency multiplexing 
in communications, as a talented teacher, author of a number of textbooks 
and for theoretical investigations in the field of distant communication. 

He devoted more than 40 years of his life to the development of Soviet 
science and to the education of highly qualified engineers. 

V.N. Listov was born in Nizhniy Novgorod, where he received his 
preliminary schooling in a technical high school and from 1919 began to 
make scientific investigations in the Nizhegorodskiy radiation laboratory 
under the supervision of M.A. Bonch-Bruyevich. 

As a student, and while working simultaneously in the radiotion labora- 
tory of the Institute, in 1924 V.N. Listov developed the installation of a high- 
frequency telegraph system and successfully applied it to the communication 
network between Lenongrad and Bologoye. Later, there were developed 
and publicized, under his supervision, industrial models of high-frequency 
apparatus for telephonic communication. 

Since 1928, simultaneously with his scientific investigations and with 
his establishment of new techniques, the pedagogical activities of V.N. 
Listov became prominent. During his 40 and more years of scientific work, 
V.N. Listov wrote more than 50 scientific works, among which are several 
textbooks on frequency multiplexing in communications. 

Presently, Professor V.N. Listov is full of creative plans which con- 
cern further development of communication techniques. Let us then wish to 


our jubileer good health, many years of life, and successes in all of his 
career. 
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FOREIGN PATENTS 


AUSTRALIAN PATENT, class 05.4, No. 224944, 27.10.59 Ridgeway 
| Denis Improvements in or relating to color television projection systems. 

The invention concerns color television systems for a large screen. 
In order to eliminate distortions arising from reflection of the beam from 
the surface of mirrors, 2 mirrors are proposed to be used, one dichroic 
and the other semi-transparent. Both mirrors are placed vertically, but 
may be turned about their vertical and horizontal axis for image coincid- 
ence. 

USA PATENT, class 313-92, No. 2923846, 02.02.60. Partin Melvin. 
Color Kinescope. 

In the patented kinescope activated zinc oxide is utilized in order to 
obtain the green color, Instead of the aluminum coating of the screen, 
silver is utilized. 

USA PATENT, class 331-55, No. 2921268, 12.01.60. Foster Harry, 
Crump Elmo. Wave generating apparatus. 

A measuring generator for color television receivers is being patented. 
_ At the output of the generator signals of ten colors and shades are formed, 
| of which two are shades of green, four of blue and four of red. 

PATENT OF GERMANY (FRG), class 21a, 34/50, (N 04 p) No. 
1065455, 10.03.60 Kessner Gunter, Liebl Joser. Television film projector 
for wide screen films. 

In the patented film projector the film is projected simultaneously on 
the photocathode of the iconoscope and the viewing screen. 

GERMAN PATENT (GDR), class 21a, 7/06, No. 18425, 04.04.60. 
Kuhne, Springer, Hahn. 

An additional apparatus is being patented; during the transmission of 
information it tests the condition of the main mechanisms in the receiving 
telegraphic apparatus (operation of the type levers, elevation and travel of 
the paper, the displacement of the type along the line, the shifting of the 
line and so on) and in case an unrepairable part is found, enters distortions 

into the message in the transmitting apparatus. 
| GERMAN PATENT (FRG), class 21a!, 34/53, (H 04 p), No. 1055588, 
10.03.60. Windischbauer. System of underwater television. 

It is proposed to cover underwater television cameras with an isolating 
layer of oil. This lowers the cost of the underwater television system, since 


*Photocopies of patents (description in the original language, draw- 
ings) may be obtained in person or by sending a money order to the All- 
Union Patent-Technical Library of the Committee for Inventions and Dis- 
‘eoveries, USSR Council of Ministers, Moscow Center, Serov Lane No 4, 
Entrance 7a. For information call B 8-64-52 or B 3-09-67 (laboratory). 
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the need for special steel constructions for protection against pressure is 
removed. The supply cable is also filled with oil. The over-all coefficient 
of refraction of the camera optics and oil is chosen to be equal to the coef- 
ficient of refraction of water. 

ENGLISH PATENT, class 40(1), 40(7), 118(2), No. 830804, 23.03.60. 
Brown, Mullarkey. A pulse train selecting device and display apparatus 
embodying it. 

The patented system serves the purpose of the display on the screen 
of an electroluminescent tube of different signs (for instance, numbers). 
The height of the signs is 2.5 cm. The circuit consists of the electro- 
luminescent tube, which has a coordinate grid, x and y, of a generator of 
pulse trains, of a generator of vertical and horizontal sweeps by thyratrons 
and a matrix system of coding. The circuit permits the simultaneous turn- 
ing on of several electro-luminescent tubes and the receiving of several 
displays. 

USA PATENT, class 250-27, No. 2874283. 17.02.59. Neff, Electron 
beam deflection multivibrator circuits. 

A tube type 6AR8, which is usually utilized in the circuit of a synchro- 
nous detector for color television, is proposed for use in a multivibrator 
circuit. Three types of multivibrators may be constructed with the aid of 
the tube: monostable, bistable, and astable. 

GERMAN PATENT (FRG), class 21a', 36, (H 03k), No. 1062743, 
14.01.60. Wirf Adolf, Kersten Rudolf. Circuit for decreasing pulse width. 

A circuit is being patented that can be used for the generation of quite 
narrow pulses. For this purpose, the output of the pulse generator is con- 
nected to a special narrowing circuit, consisting of a semiconductor diode 
and a resistor. 

USA PATENT, class 331-17, No. 2922118, 19.01.60. Albright, John. 
Automatic frequency stabilizing system. 

The patented circuit consists of the generator, whose frequency is to 
be stabilized, a generator of a reference signal, a comparison circuit, the 
generated signal and a detector. 

USA PATENT, class 315-272, No. 2915677, 01.12.59. Dersch. A 
tube pulse generator. 

The goal of the invention is a pulse generator with a low input imped- 
ance and which permits a slightly controllable pulse repetition rate without 
creating changes in the shape and amplitude of the pulses. The pulse re- 
petition rate is determined by the amplitude of the plate voltage and is ad- 
justed by means of a potentiometer. The pulse slope is regulated by a con- 
denser or by a resistor in the cathode circuit. 

ENGLISH PATENT, class 40 (6) No. 832786, 13.04.60. Elbourn. 
Improvements in or relating to pulse generating circuits. 

At the output of the circuit a pulse train is generated; the duration of 
these pulses is inversely proportional to the duration of control pulses. 

The circuit consists of an integrator, a cathode repeater and a multibibrator. 
We obtain at the output of the cathode repeater negative pulses with a dura- 
tion inversely proportional to the duration of the input pulses. The output 
pulses are controlled by mixing in the multivibrator tube, which in this way 
influences the duration of the output pulses. 

USA PATENT, class 332-14, No. 2919415, 29.12.59. Hunter, 
wilmont. Amplitude modulated blocking oscillators or the like. 

The object of the invention is a method of generating amplitude-modu- 
lated pulses at a relatively large power level. This is made possible by the 
modulation of the plate current of a blocking-oscillator tube. The circuit 
contains one semiconductor diode 1 N 70two vacuum twin-triodes type 12 AI7. 
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USA PATENT, class 331-152, No. 2922121, 19.01.60. -Tschiegg, 
Carroll. Relaxation oscillator from a tube with strobed beam. 

The purpose of the invention is a pulse generator with a wave of 
asymmetrical form, containing a tube with strobed beam type 6VN6. The 
circuit is similar to the usual multivibrator or blocking oscillator, but is 
simpler since a transformer or a second tube for feedback is not required. 
The capacitance between the accelerating electrode in the tube and one of 
the control grids creates positive feedback, which results in a possible - 
switching time of up to 0.1 microsecond with plate loading and up to 0.04 
microseconds with cathode loading. 
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